ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 


Votume 88, ArticLeE 4 Paces 771-1020 


NEW DIURETICS AND ANTIHYPERTENSIVE AGENTS 


Conference Editor, ARTHUR GROLLMAN 
LIST OF AUTHORS 


Arruur GRoLLMAN (Conference Chairman), B. Barsour, C. T. BELto, G. M. 
‘Breneman, B. B. Bropre, A. J. Caratto, T. C. CHALMERS, A. V. CHOBANIAN, 
; aa W. S. Coppacs, Jr., J. Denney, T. A. Farmer, Jr., R. V. Forn, 
M. Focus, J. Genest, L. Grespre, Jr., S. E. Grrtow, L. J. Haywoop, 
§. R. Hu, Jz., W. Horranper, W. G. Hoop, Jr., J. E. Inseicria, J. W. 
. W. M. Krexenpatt, R. Kunrzman, G. W. Lippte, R. S. Maca, 


i 


R. F. Maronpz, M. Menpiowrzz, R. S. Morrison, J. H. Mover, N. Nartcut, 
-B. E. Newman, G. Picron, J. A. Prrrman, Jr., M. REENBERG, B. RENNICK, 
-D. W. Ricnarpson, L. J. SALERNO, A. SyorRpsMa, L. A. SOLoFr, M. L. STONE, 
Pp. J. Tatso, R. Vevrat, H. L. Wetnres, R. W. Witxins, W. L. WINTERS, JR.. 
R. Wo tr, AND E. M. Wyso 


soe 
a 


Editor 
FRANKLIN N. FURNESS 


Associale Editors 
BELINDA COLLINS Nat HALEBSKY 


NEW YORK 


PUBLISHED BY THE ACADEMY 
October 11, 1960 


RAG, ie Bi: _M. J. OPAC, President ofthe Acndemy +58 ae 


TAY & 3 M. RTIN | 


Le * wT KI =e = a ; 
; o ao Ane 


bz ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 


7 VoLuME 88, ARTICLE 4 Paces 771-1020 


4 October 11, 1960 

3 NEW DIURETICS AND ANTIHYPERTENSIVE AGENTS* 

= Conference Chairman and Editor 

me ARTHUR GROLLMAN 

+ Editor 

Sa FRANKLIN N. FURNESS 

is Managing Editor Associate Editors 

a Epcar W. WHITE BELINDA CoLLINS NAT HALEBSKY 


ya 


—— ee 


CONTENTS 


b hij 


AE ERIS * 


Present Concepts of the Mechanism of Urine Formation and of Diuretic Action. By 


a RR ROMEMAN le 0 os acy ete ae Masten sh tints tees ete es 773 
Animal Pharmacology of the New Diuretics: Benzothiadiazines, Spirolactones, and 
785 


A 


Phthalimidines. By BARBARA RENNICK.........--.--+-es eer 
Human Clinical Pharmacology of the Newer Diuretics: Benzothiadiazine and Phthal- 


imidine. By Morton Fucus, JOHN H. Mover, AND BENJAMIN E. NEWMAN......- 
Comparative Studies of the Newer Diuretics. By Ratpu V. ForD.......-..-.-++++-: 

Mode of Action and Clinical Usefulness of Aldosterone Antagonists. By W.S. CoPPAcE, 

815 


‘Clinical Experiences with Some of the Newer Diuretics, 


Meera R Go MACH AND R. VEYRAT. (ovate sence 
- Studies on the Metabolic Effects of Spironolactone in Man. By W. Guy Hoop, Jr., : 


: S, RicHarpson Hitt, Jr., JAMES A. PITTMAN, Jr., AND T. ALBERT FARMER, Ree cOs 
The Use of Diuretics in the Pregnant Patient. By Louis J. SALERNO AND MarTIN L. Pe 
8 


Do ge ose Doon ey Reged. cant oie a ae 
Use of Diuretics in the Treatment of Kidney Diseases. By J. GENEST AND G. Picron.. 890 
combined Diuretic and Steroid Therapy in Cirrhosis with Ascites. By RoBErt S. 
WMORKIsON AND THomas-C. CHALMERS. ....------1- sees rere ge ae 907 
he Use of the Newer Diuretics in the Treatment of Cardiac Disease. By Joun W. 
-KrvEs AND GERALD M. BRENEMAN.......- +--+) ile eI cs ays SN etal 915 
By WALTER M. KiRKENDALL. . 922 


ology of Hypertension. By JosepH E; IMBRIGLIA.........--2+- reer 
he Treatment of Hypertension. By ALBERT ays 


__ * This series of papers is the result of a conference on New Diuretics and Antihypertensive 
Agenis held by The New York Academy of Sciences, May 5 and 6, 1960. 


Pharmacological Consequences of Selective Depletion of Catechol Amines by Antihyper- 
tensive Agents. By B. B. BRODIE AND R. KUNTZMAN.......-....--2+-2+seeeees 939 


Human Pharmacology of Guanethidine. By D. W. RicHARDSON AND E. M. Wyso..... 944 
Clinical Pharmacology of Bretylium Tosylate: Preliminary Observations. By JAMES 
CONWAY 6502 cece cc ieccic Soe bncdslle Sosa dye SPO ee ey Renee I ae 956 


sive Subjects and in Patients with Essential Hypertension. By M1irTon MENDLO- 
witz, Nosrat Nartcut, STANLEY E. GitLow, HERBERT L. WEINREB, AND ROBERT 


ARAM V. CHOBANIAN, AND ROBERT W. WILKINS...........-.-0020eeeeeeeeeeees 
Clinical Evaluation of Guanethidine in Hypertension. By ROBERT F. MARONDE, BENJA- 

MIN BarsBour, L. JULIAN HAywoop, AND JOHN DENNEY................++20005- 
Clinical Experiences with Bretylium Tosylate. By Louis A. Sotorr, MARcus REI- 

DENBERG, WILLIAM L. WINTERS, JR., AND CARMEN T. BELLO................---. 1003 
Clinical Pharmacology of Newer Antihypertensive Agents, Monoamine Oxidase and 

Decarboxylase Inhibitors, Bretylium Tosylate, and Guanethidine. By Louis GIL- 

MESPUR). [Re sis Fc i 05 in leans Das aa eas Sone SHUN nee RE Se Te 1011 


Copyright, 1960, by The New York Academy of Sciences 


5 | in 
ee "1 \ 


PRC ee eR YY ee ee Ne 


PRESENT CONCEPTS OF THE MECHANISM OF URINE 
FORMATION AND OF DIURETIC ACTION* 


Arthur Grollman 


Department of Experimental Medicine, University of Texas 
Southwestern Medical School, Dallas, Texas 


Traditionally, diuretics have been considered drugs that increase the volume 
of the urine.! However, the dependence of the rate of excretion of water on 
the elimination of sodium in the urine and the effectiveness of salt depletion 
in the therapy of hypertension have centered attention on the natriuretic ac- 
tion of the diuretics rather than on their effect on the volume of the urinary 


output. Although many drugs and procedures may exert a diuretic or natri- 


uretic action, the most potent of the diuretic drugs exert their effect by direct 
action on normal renal function. To understand their action, therefore, we 
must consider first the mechanisms concerned in the formation of the urine. 

In the normal person the kidneys maintain a constant composition, volume, 
and osmolarity of the extracellular fluid. Hence, the administration of an ex- 
cessive amount of water or other substance not metabolized in the body and 
excretable by the kidneys results in diuresis. Water thus constitutes an ef- 
fective diuretic in the normal patient when one desires only to increase the vol- 
ume of the urine. The addition of certain salts, designated as osmotic diu- 
retics, such as potassium salts and urea, accentuates the diuretic action of water. 
Under these conditions diuretic action involves only normal renal functions 
that respond to maintain homeostasis. Our chief interest in diuretics centers 
on agents that actively modify renal function and thus lead to the excretion of 
salt and water retained in the body. Such retention may be a consequence 
either of the direct effects of disease on the kidney or peripheral tissues or of 
indirect effects induced by the primary disturbance on normal renal function. 


The Mechanism of Urine Formation 


The kidney is composed of units designated as nephrons, each of which, al- 
though differing somewhat from the others, depending on their location in the 
kidney, may for simplicity be considered representative of the action of the kid- 
ney as a whole. Each of the million or more nephrons present in the human 
kidney consists of a glomerulus, proximal tubule, thin loop of Henle, distal 
tubule, and collecting duct; we may consider the action of each of these mor- 
phologic divisions successively, as they participate in the elaboration of the 
urine. 

Glomerular filtration. It is generally conceded that the glomeruli serve as 
ultrafilters permitting the passage of the prodigious amount of approximately 
180 1. of glomerular filtrate daily, or about 0.07 ml. through each glomerulus. 
The glomerular filtrate contains all of the crystalloids present in the blood 
plasma (such as glucose, chloride, sodium, potassium, urea, phosphate, and 
creatinine), and only trivial amounts of its colloidal constituent (protein). The 
ds and his collaborators,’ made by direct analysis 
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of the glomerular filtrate, demonstrated that this fluid represents a true ultra- 
filtrate comparable to that obtained by filtration of plasma through a semi- 
permeable membrane. All 180 1. of glomerular filtrate are reduced in volume 
during their passage through the tubule and are altered in composition to form 
the 1 to 1.5 l. of urine that appear ultimately in the bladder. Conservation 
of the water and essential solutes that appear in the glomerular filtrate consti- 
tutes a vital renal function. The production of glomerular filtrate is accom- 
plished by the mechanical action of the heart in maintaining an adequate pres- 
sure gradient in the glomerular tuft; the conversion of this filtrate into urine 
is dependent on renal activity. : 

Moderate changes in the total renal blood flow do not affect materially the 
kidney function. It is probable, however, that minor changes in the med- 
ullary blood flow, which constitutes normally only about 10 per cent of the 
total renal blood flow and hence is undetectable by available methods of mes- 
urement, may be of great importance in maintaining normal renal function.* 
This is particularly pertinent if we consider the importance of the medullary 
circulation in the countercurrent process (discussed in another section). Such 
minor alterations in medullary blood flow may indeed constitute an important 
mechanism whereby the ill-defined factors responsible for regulating the vol- 
ume and composition of the extracellular fluid are mediated. 

Action of the proximal tubule. The glomerular filtrate, as it passes through 
the straight and convoluted proximal segment of the tubule, is reduced to less 
than one third of its original volume. This reduction in volume is believed to 
be accomplished by the active reabsorption of sodium, the tubular cells acting 
as a “sodium pump” to transfer the ion from the lumen into the peritubular 
space, from which it returns to the circulation. This active transfer of cation 
is accompanied by the concomitant transfer of anion, maintaining electric neu- 
trality of potassium, and of other threshold substances. Since the proximal 
tubule is freely permeable to water, the transfer of electrolyte will be accom- 
panied by the passive transfer of water, so that the fluid in the proximal tubule 
remains iso-osmotic with plasma despite its great reduction in volume.* 

The nature of the transport mechanism responsible for the transfer of sodium 
from the lumen to the peritubular space of the proximal tubule is not known. 
However, it must be remembered that all tissue cells contain sodium in a con- 
centration much less than that in the surrounding extracellular fluid and hence 
must have a mechanism for the extrusion of this cation that enters the cells. 
If it is assumed that the membrane of the tubular cells bordering the lumen 
is highly permeable to sodium, these cells may extrude the sodium into the 
peritubular space by the same fundamental process that maintains the sodium 
content of other body cells at their low level. Such a process probably takes 
place with a varying degree of effectiveness throughout the length of the tubule, 
including the collecting duct. Whether other active transfer mechanisms exist 
for other ions or whether these ions move as a consequence of, for example, the 
movements of sodium or of special ion-exchange mechanisms remains to be 
established.* 4 

The pH of the glomerular filtrate is not altered materially in its passage 
through the proximal tubule, except under conditions of marked osmotic di- 
uresis induced, for example, by the infusion of concentrated glucose or mannitol. 
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The chief site of acidification of the urine is in the distal tubule and, possibly, 
in the collecting duct, although the proximal tubule probably also can partici- 
pate in this process. 

The fluid leaving the proximal tubule contains sodium, chloride, and bicar- 
bonate in the same concentration as in the plasma, these ions being reabsorbed 
from the glomerular filtrate in equivalent amounts. Glucose, potassium, amino 
acids, vitamins, and other so-called threshold constituents of the plasma are 
more or less completely reabsorbed, accompanied by water that passes by pas- 
sive diffusion to maintain the isotonicity of the residual fluid. Of the 118 ml. 
of water appearing each minute in the glomerular filtrate, only about 35 ml. 
remain to enter the loop of Henle. Such excretory products as urea, creatinine, 
and uric acid are not concentrated in the proximal segment to a degree com- 
parable to the reabsorption of water; they diffuse back across the tubular epi- 
thelium and are only moderately concentrated in this portion of the tubule.® 

An alternative hypothesis to that just described as accounting for the changes 
occurring in the proximal tubule assumes the passive reabsorption of sodium, 
chloride, bicarbonate, and water as a consequence of the osmotic forces exerted 
by the plasma proteins and those generated as a result of the active reabsorp- 
tion of glucose, amino acids, and other threshold constituents of the plasma. 
Such forces obviously will contribute to the reabsorptive process in the proximal 
tubule, but whether they suffice to account for the magnitude and speed of the 
observed changes is questionable.® 

Function of the loop of Henle. The loop of Henle, which receives the residual 
fluid from the proximal tubule, is present only in birds and mammals, which 
alone are capable of forming a hypertonic urine. It was for a time believed, 
therefore, that concentration of the urine occurred primarily in this segment 
of the kidney and that the transport of water occurred here under the influence 
of the antidiuretic hormone of the pituitary. This view has now been dis- 
credited by the demonstration that fluid collected from the distal convoluted 
tubule is isotonic or hypotonic but never hypertonic to plasma. The forma- 
tion of a hypertonic urine must accordingly occur at a point beyond the loop 
of Henle, namely, in the distal tubule and the collecting duct.3° 

A new concept of the mechanism whereby isotonic fluid from the proximal 
tubule is concentrated to form urine has been presented by Wirtz et al.° and 
elaborated and confirmed by several groups of investigators.*”® According 
to present concepts, the loops of Henle, collecting ducts, blood capillaries, and 
intervening interstitial tissue of the medulla are functionally as well as ana- 
tomically interrelated. This unique relationship makes possible the applica- 
tion of a countercurrent multiplier system, whereby relatively minor changes 
in concentration permit the establishment of the major alterations in osmolarity 
that occur in the formation of the urine. 

The nature of the exchanges occurring between the lumen and the peritubular 
space of the loop of Henle is still a matter of controversy.* Since the fluid in- 
creases in osmolarity as it descends the loop, and decreases in osmolarity as it 
ascends the loop, it has been suggested that sodium is transferred from lumen 
to interstitium by an active transfer process in the ascending limb of the loop 
and that it passes by simple diffusion from peritubular space to lumen in the 
descending loop. The epithelium of the ascending limb is believed to be im- 
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permeable, while the descending limb is assumed to be permeable to water. 
Consequently the tubular fluid will become more hypertonic as it progresses 
through the descending limb of the loop and increasingly hypotonic as it passes 
through the ascending limb.° 

The above-described course of events assumes that there are differences in 
action of morphologically similar segments of the nephron. Since this is un- 
likely, it appears more logical to assume that the thicker portions of the loop 
function in a manner similar to their contiguous proximal and distal tubular 
cells. Even the cells of the thin portion of the loop may, like other cells of 
the body, share the ability to extrude sodium from the lumen to the peritubular 
space. The alteration in osmolarity of the fluid as it traverses the loop is a 
consequence of the still incompletely defined countercurrent multiplier system, 
in the operation of which urea and other urinary constituents must also play 
important roles. 

Little attention has been given to the changes in osmolarity induced by the 
passage of urea across the tubule, although it has been suggested that equili- 
bration of this crystalloid between the lumen and interstitium may be an im- 
portant function of the thin portion of the loop of Henle.’* The effect of this 
exchange of urea and water acting through the countercurrent multiplier sys- 
tem may be enough to account for the observed changes in the osmolarity of 
the fluid as it passes through the loop of Henle, without the less likely assump- 
tion that various parts of the loop act qualitatively differently. 

The countercurrent multiplier system. According to the now generally ac- 
cepted concept of the countercurrent multiplier system as applied to the kidney, 
the contents of the loops of Henle, capillaries, and collecting ducts influence 
one another through the mediation of the medullary interstitial tissue. The 
application of this principle assumes the maintenance of a state of maximal 
hypertonicity in the interstitial tissue at the lower end of the loop, with a grad- 
ual diminution in tonicity from the papillary tips of the medulla to the corti- 
comedullary junction, in which the proximal and distal convolutions are lo- 
cated.® This hypertonicity of the medullary interstitium is maintained by the 
active transfer of sodium and other ions across the loop of Henle. 

Of particular interest have been the results obtained with the desert rat, a 
rodent capable of producing a urine highly hypertonic compared to that of 
other mammals. In this animal the renal papilla, which comprises a long pro- 
jection into an enlarged pelvis, consists of thin segments of loops of Henle in- 
terspersed with collecting ducts and capillary loops. It is thus especially well 
adapted for the application of the countercurrent multiplier system.!° 

The medullary tissue, in which the countercurrent multiplier system is pre- 
sumed to operate, must be significantly hypertonic to blood plasma and to the 
cortex of the kidney. That this is the case has been demonstrated by the 
fact that slices of medullary tissue contain increasing amounts of sodium, chlo- 
ride, and urea? progressing from the corticomedullary junction to the tip of 
Pot behing oe such slices also increases progressively, 
pre Siceretiname e tip o u e papilla, and blood collected from surface 

laries of the papilla is hypertonic to the systemic blood.*:® The last-named 
observation 1s Important since, obviously, the circulation through the medulla 
plays an integral role in the countercurrent multiplier system.!° 
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Function of the distal tubule. The fluid entering the distal tubule is. iso-os- 
motic or hypotonic, depending on the magnitude of the exchange of water and 
solute between cells and interstitium during its passage through the loop of 
Henle. Reabsorption of sodium, which continues in the distal tubule, reduces 
its concentration to a low value. In the maximally hydrated animal, a mini- 
mal amount of antidiuretic hormone is made available, and the collecting ducts 
and distal tubules are relatively impermeable to water. In the hydropenic 
state, on the other hand, the availability of circulating antidiuretic hormone in 
high concentration renders the distal and collecting tubules more permeable 
to water, and the hypotonic urine entering the distal tubule is concentrated as 
it traverses the collecting ducts. 

The reabsorption of water in the distal tubule and collecting ducts is accom- 
plished by passive transfer to the hyperosmolar medium of the interstitium, 
accentuated by the osmotic force generated by the active transfer of sodium 
and other solutes that occurs in this area. It is generally agreed that there is 
no need for assuming the existence of an active transport mechanism for water 
in the tubule, this solvent moving only in response to osmotic forces generated 
by the transfer of solutes across membranes, the permeability of which is al- 
tered by the humoral mediation of the antidiuretic hormone of the neurohy- 
pophysis. 

The distal tubule is also the chief site of elimination of acid, which is neces- 
sary for maintaining the acid-base balance of the organism. This is accom- 
plished by the exchange of hydrogen ions (available from H:CO; and from 
NaHPO,) for sodium ions, by the reabsorption of NaHCO; , and by the pro- 
duction of NH; from glutamine by glutaminase. Agents that inhibit carbonic 
anhydrase induce acidosis and act as diuretics by disturbing this exchange of 
sodium for hydrogen, thus rendering the latter unavailable. Potassium also is 
secreted by the distal tubule by an exchange reaction with sodium, and some 
of the newer diuretics, by accelerating potassium excretion, may not only induce 
a hypokalemia of serious degree but also dislocate the normal acid-base relation- 
ships.*° The administration of large doses of potassium, on the other hand, 
will result in a competition of K+-for-Ht exchange, leading to the formation 
of an alkaline urine. Because of these interrelationships in the excretion of 
ions, some dislocation of electrolyte balance by diuretics is inevitable. One 
can only minimize such undesirable effects or counteract them, for example, 
by the administration of extra potassium, when the loss of this ion is undesir- 
able. 

Function of the collecting ducts. The collecting ducts of the tubule, in the 
light of recent studies, have attained an importance more consonant with their 
morphologic appearance than was formerly the case, when they were considered 
as relatively inert collecting conduits. The most recent evidence seems to 
indicate, in fact, that they act functionally as part of the distal tubule and 
participate probably in the reabsorption of sodium, acidification of the urine, 
and other activities in which the distal tubule is concerned.’ 

The collecting ducts constitute an integral part of the countercurrent mul- 
tiplier system and play a major role in the concentration of the urine.’ Be- 
cause of their permeability to water and the hypertonicity of the fluid with 
which they are surrounded, water passes by osmotic attraction from the lumen 


778 Annals New York Academy of Sciences 


into the interstitium. This transfer of water is dependent upon the availa- 
bility of the antidiuretic hormone, in the absence of which the kidney is unable 
to form a concentrated urine. 

Hormonal control of renal function. The kidney, like other organs, is depend- 
ent upon the integrity of normal endocrine function. The depression of glo- 
merular blood flow induced by pituitary or adrenal cortical insufficiency results, 
accordingly, in a delayed renal response to water and salt loads. Thyroid in- 
sufficiency likewise results in a generalized accumulation of fluid, which is 
excreted during the diuresis that follows treatment with thyroid hormone. 
More specific and direct examples of the action of endocrine organs on renal 
function are found in the effect of the adrenal cortex on the control of water 
and electrolyte metabolism and in that of the antidiuretic hormone of the neu- 
rohypophysis on the conservation of water by the kidney.’ 

The antidiuretic hormone acts to render the distal and collecting tubules 
permeable to water, thereby permitting concentration of the urine as it passes 
through this part of the nephron. It acts presumably by the same mechanism 
whereby it renders the frog’s skin and bladder permeable to water when the 
hormone is added to the medium in which these tissues are suspended. One 
would anticipate that a drug that antagonized the action of the antidiuretic 
hormone would serve as a potent diuretic, but such an agent is not available. 
The diuretic action of alcohol and certain other drugs is believed to be depend- 
ent on their altering the rate of excretion of the antidiuretic hormone. 

The mineralocorticoids, of which aldosterone is believed to represent the 
physiological hormone, act to retain sodium and excrete potassium by acting 
on the distal tubule. In adrenal cortical insufficiency there is a loss of sodium 
and accumulation of potassium, which leads to many of the important symp- 
toms induced by adrenalectomy. Nephrectomy prevents such manifestations, 
and adrenalectomized dogs, which normally survive only for four or five days, 
may be maintained in relatively good condition for a month without recourse 
to hormonal therapy, if one maintains their renal excretory function and electro- 
lyte and water balance by peritoneal lavage." 

The role of aldosterone in the dislocation of electrolyte and water metabolism 
observed in such conditions as heart failure, cirrhosis of the liver, and hyper- 
tension, in which the use of diuretics is indicated, has not been established with 
certainty. Aldosterone antagonists exert a diuretic action by antagonizing 
not only the action of any increased aldosterone produced in disease but also 
that which is normally secreted. Depression of adrenocorticotropin secretion 
by the pituitary, or direct inhibition of the synthesis of hormones by the adrenal 
cortex, will also result in the renal loss of sodium and water and the retention 
of potassium. The glucocorticoids, when administered in large doses or pro- 


duced endogenously, as in Cushing’s disease, induce edema as a consequence 
of their sodium-retaining action. 


Pathogenesis of Edema and Sodium Retention 


Although the factors concerned in the production of edema and sodium re- 
tention are beyond the scope of the present paper, a brief consideration of these 
factors is essential for understanding the mechanism of action of the diuretics. 
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The underlying disturbance responsible for the edema of congestive heart 
failure, nephrosis, or the nephrotic stage of chronic nephritis, for the localized 
accumulation of ascitic fluid in hepatic cirrhosis, or for sodium retention in 
hypertensive cardiovascular disease are of diverse origin. It is not surprising 
that the effectiveness of different diuretics will vary with the condition under 
treatment. 

Except for intracellular edema due to water excess, in which abstention from 
water relieves the underlying condition, most instances of edema are extracel- 
lular and involve the retention of an excess of sodium as well as water. In 
these, as well as in the localized accumulation of ascitic fluid in cirrhosis, and in 
the dislocation of electrolyte balance observed in the hypertensive person, die- 
tary restriction of sodium will remedy the abnormal state of sodium retention. 
However, the difficulty of applying this procedure in practice renders the use 
of diuretic drugs either alone or, preferably, in combination with moderate 
sodium restriction, desirable. 

The fundamental action of the kidney in electrolyte and water metabolism 
is concerned with the conservation of the large amounts of these vital constit- 
uents of the organism that appear in the glomerular filtrate. The predominant 
effect of renal dysfunction would be anticipated, therefore, to result in acidosis 
and azotemia with dehydration and electrolyte deficiency rather than with 
edema and salt retention. It is not surprising, therefore, that patients may 
suffer from severe degrees of kidney damage, as encountered in the late stages 
of chronic nephritis and, although manifesting marked azotemia and acidosis, 
may not be edematous. In the presence of normal renal excretory function as 
encountered in congestive heart failure or essential hypertension, a disturbance 
in water and electrolyte metabolism of a sufficient degree to induce edema or 


sodium retention is apparently a result primarily of extrarenal mechanisms 


that act on the kidney and alter its normal homeostatic function. 

Since the retention of excessive salt and water ultimately devolves upon the 
kidney, any drug that will accelerate the excretion of salt will relieve the edema, 
regardless of the mechanisms responsible for its accumulation. It is difficult 
in our present state of knowledge to assign with accuracy the relative impor- 
tances of various factors responsible for abnormal fluid and electrolyte accumu- 
lations. However, unquestionably many factors are involved and, since the 
diuretics act by different mechanisms, the success with any particular one will 
depend upon the factors responsible for the abnormal state that is being treated. 

It is generally accepted that the initiating factor in inducing the edema of 
congestive heart failure is a decline in cardiac output, which is accompanied 
by a decrease in the effective renal blood flow and a decrease in glomerular 
filtration rate. Increased venous and capillary pressures will cause an increased 
transudation of fluid and its accumulation in the tissues. In addition to these 
factors, the adrenal and neurohypophyseal hormones are called into play as a 
homeostatic mechanism for increasing blood volume. T he appearance of 
edema accordingly may represent in part an undesirable and harmful compen- 
satory reaction, comparable to the anaphylactic response in the antigen-anti- 


body reaction. US : , 
Among the extrarenal factors that participate in the formation and localiza- 
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tion of edema are those concerned with the exchange of fluid between the capil- 
laries and tissues. An increase in capillary pressure with a dislocation of the 
Starling equilibrium or a decrease in oncotic pressure of the plasma, as occurs 
in the hypoproteinemia of nephrosis or nutritional edema, will cause an accumu- 
lation of edema fluid. Local variations in tissue turgor will determine the 
localization of the edema, as will such processes as increased portal pressure, 
venous obstruction, or changes in vascular permeability induced by a loss of 
the integrity of the capillary endothelium. 

The nature and pathogenesis of the dislocation in salt and water metabolism 
observed in hypertensive cardiovascular disease remains unclear. 


Action of Diuretics 


The most effective of the available diuretics exert their action by inhibiting 
the reabsorption of sodium by the kidney. Sodium restriction will induce 
similar effects but is slower in action and must be drastic to be effective, par- 
ticularly in the management of hypertension. Moderate restriction of sodium 
is always desirable as an adjuvant measure because it minimizes the dose of 
the diuretic required to elicit the desired effects. ; 

In the therapeutic use of diuretics it is essential to utilize such measures as 
may overcome the factors that evoke the kidney changes responsible for the 
excessive retention of salt and water. Thus patients may appear to be refrac- 
tory to a diuretic as a consequence of inadequate or of overdigitalization, when 
physically overactive, or when depleted of potassium orsodium. Such patients, 
when they are properly digitalized and placed at rest and their electrolyte bal- 
ance is restored, usually respond promptly to diuretic therapy. 

Such agents as digitalis and the xanthine derivatives, which increase renal 
blood flow, induce diuresis as a consequence of their cardiovascular effect, as 
well as of their action on the kidney. In the case of digitalis this direct renal 
effect is minor; in the case of the xanthine drugs, it is more pronounced. In 
this connection it is of interest that squill has long been considered as having a 
specific diuretic action over and above any effect that it exerts on the circula- 
tion.! 

The ideal diuretic is a potent, promptly acting, orally effective, nontoxic 
agent that accelerates the excretion of extracellular fluid without inducing any 
electrolyte imbalance. It also does not induce tolerance or refractoriness with 
continued use, as does, for example, acetazoleamide or ammonium chloride. 

The available diuretics act through various mechanisms. Some increase 
the filtered load of sodium and chloride either by increasing the glomerular 
filtration rate or by increasing the concentration of the filtered ions. The most 
potent and widely used diuretics act by inhibiting the transport mechanisms 
for sodium.” 

The use of water as a dehydrating agent was first noticed in 1690 by Sir 
Thomas Witherly, who was struck by the paradox of water’s curing a dropsy.® 
Its effectiveness in relieving edema was emphasized by Schemm in 1942,% 
Large water loads dehydrate by inducing a negative water balance but, in 
excessive amounts, may also induce hyponatremia and water intoxication with- 
out diuresis or saluresis. The long practiced restriction of water in the manage- 
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ment of edema is neither helpful nor desirable, since the retention of sodium is 
the primary factor responsible for the accumulation of edema. 

Osmotic diuretics, which are only moderately effective and now rarely em- 
ployed, depend for their action on the limited capacity of the proximal tubule 
for reabsorbing sodium and concentrating this ion against a high concentration 
gradient. In prolonged thirst and fasting, urine flow may be reduced to 150 
to 450 ml./day, with a concentration four or five times that of the plasma (1200 
to 1400 mOsm./l.). Osmotic diuretics inhibit reabsorption of water in the 
proximal tubule by the establishment of a critical gradient against which further 
transfer of sodium is impossible. 

Salt-poor albumin, preferably, and the less expensive dextrans, gelatin, and 
other colloids are sometimes used for their diuretic effects, particularly in the 
nephroses and in cirrhosis, in which there is a reduction in the colloid osmotic 
pressure of the plasma. These act by increasing the colloid osmotic pressure 
of the plasma, thereby restraining the abnormal loss of fluid in the peripheral 
tissues, and by expanding the plasma volume, thereby increasing glomerular 
filtration and diminishing the increased production of salt-retaining hormones 
of the adrenal. The plasma expanders, because of their expense, potential 
toxicity, and difficulty of administration, have only a limited application in the 
nephrotic states and, occasionally, in cirrhosis, when plasma proteins are ma- 
terially reduced. 

Among minor diuretics of little practical importance are the cation exchange 
resins that remove sodium ingested in the diet. From a practical point of view, 
however, the obnoxiousness of ingesting large quantities of these materials 
outweighs the comparatively minor discomfort involved in dietary reduction 
of the sodium intake. Moreover, the cation exchange resins manifest an ex- 
ceedingly low sodium-binding capacity in the intestine, whereas the hydrogen 
and ammonium resins lead to hyperchloremic metabolic acidosis and deplete 
the body stores of potassium. 

The acidifying agents, of which ammonium chloride is most important, form 
hydrochloric acid in the body. The latter causes the loss of potassium and 
sodium ion from the cells and a gain of hydrogen ion, with a resulting decrease 
in the pH of the cell contents. Since the hydrogen bound to the intracellular 
buffers forms compounds that are less ionized than sodium and potassium, a 
reduction of the osmotic pressure within the cell results, as a consequence of 
which water migrates from the intracellular to the extracellular space, from 
which in turn it is eliminated together with sodium. The administration of 
the acidifying agents as well as the carbonic anhydrase inhibitors results in a 
compensatory increase in ammonia production, which rises and equals the acid 
load within three to five days. This is a consequence of an adaptive increase in 
glutaminase, which catalyzes the transformation of glutamine to glutamic acid 
and ammonia. The acidifying agents and carbonic anhydrase inhibitors thus 
are only effective transiently and must be used intermittently. _ 

Theophylline, the most widely used of the xanthine derivatives, often in- 


- ereases the renal blood flow and glomerular filtration rate, particularly in pa- 


tients without organic renal disease and in whom these functions are depressed.” 
This increase of filtration rate enhances the response to such diuretic agents as 
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the mercurials, particularly when the glomerular filtration rate is reduced toa 
point at which the mercurials are no longer effective. With the availability 
of the newer, more potent agents this has become the most important role of 
the xanthine compounds as diuretics. There has been relatively little enthu- 
siasm for the newer members of this group, such as the aminoizometridine, 
sym.-triazine, and pyrimidine compounds. ; 

The mercurial diuretics act directly on the renal tubules, blocking the reab- 
sorption of sodium and chloride ions, which results in an increased urine flow and 
elimination of salt. There is still some question regarding their exact mode 
of action and whether they act entirely on the sodium or the chloride ion." 
They exert their main inhibitory effects on ion transport in the proximal tubule 
and are themselves actively secreted in this same segment." ; 

By far the most important of the available diuretics are the recently intro- 
duced benzothiadiazine derivatives,!*"” which are discussed in detail elsewhere 
in this monograph and therefore need be referred to only briefly here. The 
superiority of this group of diuretics, as regards effectiveness, ease of adminis- 
tration, and relative lack of undesirable side effects, has made them the drugs 
of choice and will undoubtedly render most of the older diuretics obsolete. The 
introduction of this series of compounds has also extended the use of diuretics 
to the management of hypertension, a field of application more extensive than 
the prior use of these drugs in the relief of edema. 

Although the claim has been made that the benzothiadiazine derivatives exert 
their hypotensive action by mechanisms other than those concerned in the 
elimination of sodium, it is probable that these play only a minor role, since 
equally striking effects may be elicited in the human as well as in the experi- 
mental animal by drastic sodium restriction.’ With the administration of 
large doses of these drugs, more effective sodium depletion is obtained than by 
dietary restriction. This depletion of sodium, combined with the effects of 
potassium loss and perhaps other deleterious effects, may induce a more strik- 
ing hypotensive action than is observed with sodium restriction alone. 

The most recent additions to our diuretic armamentarium are the aldosterone 
antagonists. In view of the important role of the adrenal hormones in water 
and electrolyte metabolism as well as their effects on vascular integrity and 
permeability it would be anticipated that they and their antagonists might be 
useful in disease. This has proven to be the case, although the exact indica- 
tions for their use are not established. 

The effectiveness of large doses of the glucocorticoids in nephrosis secondary 
to collagen disorders is well established. Here, presumably, the effect of these 
agents in inhibiting the primary disturbance in the glomeruli overbalances the 
tendency of large doses of these drugs to induce salt and water retention. The 
effect of the glucocorticoids in establishing vascular integrity also may explain 
their action in relieving edema in other disorders. 

Of more recent interest as diuretics are compounds that inhibit the action of 
aldosterone on the kidney. These exert their diuretic effect by antagonizing 
the action of aldosterone, which not only is responsible for the normal retention 
of salt and water by the kidney but may be produced in excessive amounts in 
certain edematous states. Although sometimes effective, the aldosterone 
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antagonists often fail to exert their anticipated action, since the adrenal com- 
pensates by secreting other sodium-retaining hormones, such as desoxycorti- 
costerone.* Under these conditions the simultaneous administration of a glu- 
cocorticoid for suppressing adrenal cortical activity has proven effective. 


Conclusion 


The use of diuretics has assumed an increasing importance in therapeutics, 
particularly as a result of the introduction of the newer orally effective benzo- 
thiadiazine derivatives in the management of hypertension. The most recently 
introduced members of this group approach the ideal of diuretic therapy, being 
relatively nontoxic, highly potent, and effective when administered orally. The 
introduction of compounds effective in overcoming the effects of the normal 
hormonal factors responsible for the retention of sodium promises an additional 
approach to diuretic therapy. 

Despite the notable advances in diuretic therapy, one should not lose sight 
of the fact that edema and sodium retention are in most cases a consequence of 
extrarenal disturbances, to which the kidney responds only secondarily. At- 
tention, accordingly, must always be directed to improving the function of 
the heart or otherwise affecting the primary disturbance, rather than to relying 
solely on the use of diuretics, the action of which, in most cases, is only symp- 
tomatic. 

Although reference is often made to the “‘ideal’’ diuretic, it is obvious that 
such interference with renal function as is necessary for inducing diuresis will 
be accompanied by alterations in such related renal functions as disturbed elec- 
trolyte and acid-base balance, hormonal disturbances activated to maintain 
homeostasis, and interference with the excretion of uric acid and other catabo- 
lites. These undesired reactions as well as other untoward effects must al- 
ways be anticipated and counteracted when possible by supplementary meas- 
ures. 

Optimal and effective diuretic therapy requires an understanding of the na- 
ture of the basic disturbance before a selection may be made, from the available 
measures, of those that best counter the underlying pathological process. 
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ANIMAL PHARMACOLOGY OF THE NEW DIURETICS: 
BENZOTHIADIAZINES, SPIROLACTONES, AND 
PHTHALIMIDINES 


Barbara Rennick 
Upstate Medical Center, Syracuse, N.Y. 


The newer nonmercurial, orally effective diuretics may be divided into three 
chemical groups: the benzothiadiazines, the antialdosterone spirolactones, and 
the phthalimidines. This presentation of the pharmacological studies will be 
similarly divided. 


Benzothiadiazines 


The history of the search for the benzothiadiazines gives some insight into 
the mechanism of diuretic action that they exhibit. Sulfonamyl compounds, 
the early example being sulfanilamide, were found to have diuretic activity. 
They were found to have a specific action in blocking carbonic anhydrase. 
Blockade of this enzyme decreases availability of hydrogen ion and hence de- 
creases tubular reabsorption of sodium and bicarbonate. This results in in- 
creased excretion of sodium and bicarbonate, and the urine pH increases. 
Potassium excretion is also enhanced. Ona long-term basis, therapy with car- 
bonic anhydrase inhibitors results in potassium loss from the body and dis- 
turbances of acid-base balance. In the search for safer and more effective 
diuretics, Novello and Sprague’ developed a compound that combined a thia- 
diazine ring and a benzene ring, which had a sulfamy] substitution at 7 and a 
chlorine substitution at 6. Beyer” found that this compound, chlorothiazide, 
introduced a new property, the ability to block sodium chloride reabsorption 
by the renal tubule. The resultant diuretic effect is predominantly a natri- 
uresis and chloruresis. These compounds act as though they were impairing 
the sodium pump in the proximal cells, thereby preventing the reabsorption of 
large quantities of sodium. ‘This action on the sodium pump is most selective 
in the more potent derivatives, and very little carbonic anhydrase inhibitory 
activity remains. This action on sodium and chloride is referred to as a mer- 
curylike action, and in dogs it is capable of inhibiting about 10 per cent of the 
energy supply to the pump. Later I shall refer to this mercurylike action in 
more detail. 

TABLE 1 presents the chemical configurations of each of the benzothiadia- 
zine compounds, their generic names, and trade names. The compounds are 
arranged roughly in the order of their natriuretic and chloruretic potency. 
One outstanding feature seems to be the extreme change in activity with minor 
structural change involving Ri, Rz, or both. The initial effective benzo- 


thiadiazine was chlorothiazide. This possessed 6 chloro-7 sulfamyl substi- 


tutions on the benzene nucleus. There is an unsaturated bond at the 3-4 
position. The simple addition of hydrogen at Ry to reduce this double bond 
produced hydrochlorothiazide, and the natriuretic potency increased about 
10-fold. The carbonic anhydrase inhibitory activity decreased about 10-fold. 
The substitution of a trifluoromethyl group at the 6-position gave an equi- 


785 


786 Annals New York Academy of Sciences 


potent compound with less carbonic anhydrase inhibitory activity.* Tf at 
Rz a benzyl substitution is made, further increase in natriuretic potency en- 
sues that is five to ten times that of the 6-trifluoromethyl derivative. So 
too with the dichloromethy] substitution at R.. These structures with unique 


TABLE 1 
BENZOTHIADIAZINE DIURETICS 


R, Se R2 


HNO2S NH 
S) 
0, 

Generic name Trade name Company Ri Re 
Chlorothiazide Diuril Merck Cl H 
Flumethiazide Ademol Squibb CF; H 
Hydrochlorothiazide Hydrodiuril Merck Cl He 

Esidrix Ciba Cl He 
Oretic Abbott Cl He 
Hydroflumethiazide Hydro Ademol | Squibb CF; He 
Saluron Bristol CFs; He 
Trichloromethiazide Naqua Schering Cl H—ChCls 
Benzydroflumethiazide Naturetin Squibb CF, | H-CH.¢ > 
TABLE 2 


RELATIVE POTENCIES OF BENZOTHIADIAZINES AS CARBONIC ANHYDRASE INHIBITORS AND 
AS NATRIURETIC AGENTS 


papper lh cee: Natriuretic activity \ 
Sulfanilamide 1 
Acetazolamide 200 
Chlorothiazide 10 1 
Hydrochlorothiazide 0.7 13 
Flumethiazide Or5 1 ] 
Dihydroflumethiazide 0.1 13 
Benzydroflumethiazide 0.1 40 
Trichlormethiazide 0.3 50 


selectivity and extreme potency offer a means for the study of sodium trans- 
port mechanisms and the action of mercurials, | 
TABLE 2 shows the relative activities of these compounds in respect to natri- 
uretic activity in rats and to carbonic anhydrase inhibition im vitro. These 
values are but approximate, for it was necessary to interpret quantitative 
results in animal studies from many different sources. It is in general clear, 


* A benzylthiomethyl group in position 3 results in a 10-fold increase over chlorothiazide. 


Benzthiazide is the generic name for thi 
tare ed g 1s compound, developed by Chas. Pfizer & Co., Inc., 
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however, that there is a decreasing order of carbonic anhydrase inhibitory 
potency with increasing natriuretic potency. ‘The chloruretic potency is in 
the same range as the natriuretic potency. Excretion studies in dogs have 
revealed that carbonic anhydrase inhibition is nearly absent with effective 
diuretic doses of the more potent benzothiadiazines. The urine remains acid, 
and only a slight increase in K excretion results. These compounds are sur- 
prisingly nontoxic. In mice, rats, and dogs several grams per kilogram given 
orally were without acute effect, and large doses administered daily for several 
months to dogs resulted in no evidences of toxicity. 

The oral effectiveness of all of these benzothiadiazines has been a clinical 
advantage. Nearly complete and rapid absorption occurs from the alimen- 
tary canal. Large quantities are excreted in bile. 

In animal studies a striking absence of other pharmacological effects was 
found. The interested laboratories have subjected the drugs to tests for the 
well-recognized types of pharmacodynamic action. No definite activity on 
other organ systems has been described. 


TABLE 3 
RENAL CLEARANCE RATIOS OF BENZOTHIADIAZINES 


Drug clearance 
(glomerular filtration rate) 


Chlorothiazide 3.0 
Hydrochlorothiazide 4.0 
Flumethiazide S}an) 
Dihydroflumethiazide 1.6 
Benzydroflumethiazide 0.7 
Trichlormethiazide 1.0 


I shall return now to a discussion of the renal effects of these benzothiadia- 
zines and their renal excretion patterns. Also I shall compare and contrast 
them with the organomercurials. These benzothiadiazine compounds are 
excreted by renal tubular excretion as well as by glomerular filtration. Plasma 
protein binding occurs to a large extent with the compounds studied. The 
rate of tubular excretion is very great in some cases and may be four times 
greater than the glomerular filtration rate measured by creatinine clearance 
in the dog.?4 

The rate of net renal tubular excretion varies from one analogue to another 
and seems to bear an inverse relation to the natriuretic and chloruretic activ- 
ity (TABLE 3). 

Baer ef al.> showed that the excretion of these compounds is inhibited by 
probenecid. Thus these compounds presumably are excreted by the same 
renal tubular transport mechanism that secretes para-aminohippurate (PAH), 
Diodrast, phenol red, and penicillin. 

Stop-flow experiments (Vander e¢ al.° and Kessler et al.7) have shown that the 
site of tubular excretion of chlorothiazide is the proximal tubule. These stop- 
flow experiments also localize the site of action of benzothiadiazines on the 
sodium transport. The predominant effect is on the proximal tubule, thus 


preventing sodium reabsorption. 
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Although the diuretic response to benzothiadiazines and organomercurials 
is similar at neutral pH of the urine, the similarity ends with the changes in 
urinary pH. If the urine be made strongly alkaline the mercurial diuretics 
lose their effectiveness. The benzothiadiazines retain their effectiveness in 
alkaline and acidic urines.® Carbonic anhydrase inhibitors lose their potency 
in a strongly acid urine. Furthermore, BAL blocks the action of mercurial 
diuretics, whereas it has no effect on chlorothiazide. a 

To bring this discussion full circle I should like to refer to experiments on 
mercurial diuretics that may suggest a unifying aspect of organic mercurial 
action and the mercurylike action of the sulfonamyl benzothiadiazines. Or- 
ganomercurials have been shown to be excreted by the renal tubule,® as are 
the benzothiadiazines. Campbell® of Uppsala, Sweden, has been studying the 


Excess on 
injected side 
ml/min. 


Non-injected 
side ml/min. 


AY | Probenecid 50 mg,/kg. into wing vein 


0.50 | Mercaptomerin 1.75 mg-Hg/kg. into leg vein 


=100 =60 0 60 120min. 100 -60 0 60. 120 min. 


Ficure 1. Left, inhibition of water diuresis due to mercaptomerin by preinjection of 
probenecid. Right, potentiation of water diuresis due to mercaptomerin as a result of subse- 
quent probenecid (Campbell®). 


mechanism of organomercurial diuresis and its relation to the tubular excre- 
tion of the organomercurial, using the renal portal circulation to the kidney 
in the hen. This technique allows the direct administration of substances to 
the renal tubular cells of one kidney, while the other kidney acts as its control. 
Urine is collected separately from each kidney. Unilateral administration of 
organomercurials produced an excess excretion of the mercurial ipsilaterally 
accompanied by an ipsilateral diuresis. Campbell found that previous ade 
ministration of probenecid prevented the excess ipsilateral renal tubular secre- 
tion of the organomercurial. Probenecid, when administered before the 
organomercurial, also prevented the ipsilateral diuresis that otherwise would 
have occurred. If, however, Campbell gave the mercurial and then, within 
2 minutes, gave probenecid, the diuresis was tremendously increased (FIGURE 
1). One of Campbell’s interpretations is that probenecid, when given before 
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mercury, blocks the entry of the organomercurial into the tubular cell and 
hence prevents its ipsilateral tubular secretion and ipsilateral diuretic effect. 
However, once the organomercurial has gained entry into the céll, it may 
have its action potentiated, because probenecid administered ‘after the mer- 
curial can prevent its excretion from the cell into the lumen. I present these 
observations because they make an attractive analogy to the transport of the 
benzothiadiazines by the probenecid-sensitive system and suggest the possible 
identity of organomercurial tubular transport and that of the betZothiadia- 
zines. Furthermore, they suggest a relation between transport and diuretic 
action in the case of the organomercurials. Mercurials do affect the PAH 
transport in humans and not in dogs, so that species differences may prove a 
difficult hurdle in further study. 

Pitts et al.!° have studied the interrelationship of the benzothiadiazines and 
organomercurials in dogs. He found that the effects of chlorothiazide and 
chloromerodrin were additive. He suggested that these two substances block 
different mechanisms or interfere with different enzymatic reactions supplying 
energy to a common mechanism for sodium transport. 

In collecting the experimental evidence from different species one can specu- 
late about the fact that probenecid can block the tubular transport of both 
organomercurials and benzothiadiazines. At the same time probenecid can 
block the diuretic effect of the organomercurial or can potentiate it, depending 
on the sequence of administration. 


Antialdosterone Compounds 


The discovery of aldosterone and its possible role in diseased states promoted 
interest in compounds that could antagonize aldosterone. A group of agents 
that can antagonize the effects of aldosterone has been developed.* These 
compounds seem to act by competitively inhibiting the effects of aldosterone. 

These steroidal 17-spirolactones contain a five-membered lactone ring at- 
tached to the C7 position of the steroid nucleus. This structure is not unlike 
the hemiacetal form of aldosterone. The structure of major clinical impor- 
tance (FIGURE 2) is the C; acetyl-thio derivative, which has oral,activity equal 
to parenteral activity. The compound has the trade name of Aldactone (SC 
9420); the generic name is spirolactone. Two other derivatives:may be re- 
ferred to by number, SC 5233 and SC 8109. The last compounds lack oral 
activity and have been investigated chiefly in animals. , 

Kagawa et al." showed that these spirolactones acted on the renal excretion 
of sodium and potassium to antagonize the effects of desoxycorticosterone 
acetate (DCA) or aldosterone. In rats 24 hours after adrenalectomy spiro- 
lactones were without effect on the excretion of sodium and potassium. When 
these adrenalectomized rats were treated with aldosterone, they developed a 
low sodium: potassium ratio in the urine. When during a standard aldoster- 
one test spirolactones were administered to these adrenalectomized rats, the 
urinary ratio of sodium to potassium rose, and there was a smooth dose-re- 
sponse relationship, indicating the competitive nature of the antagonism. 
This same experiment may be repeated with DCA in place of aldosterone, 


* By the Research Department of G. D. Searle & Co., Chicago, Il. 
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since the blocking effect of the spirolactones is in the same direction. SC 
9420 proved as effective orally as subcutaneously. Similar antagonistic effects 
were demonstrable after treatment with hydrocortisone. 

The two analogues of spirolactone have been used in animal experiments. 
SC 5233 and SC 8109 showed no effect on electrolyte excretion in adrenalecto- 
mized dogs, yet they competed with administered aldosterone.” SC 5233 in 
rats showed no effect after adrenalectomy on electrolyte excretion. However, 
it competed with administered aldosterone, as did SC 9420 (FIGURE 3). An 
additional antihypertensive action of SC 5233 was demonstrated in rats by 
Sturtevant.’ When rats were treated with DCA and given salt they devel- 
oped a rise in blood pressure that could be prevented or reversed by the si- 
multaneous administration of SC 5233. Another mechanism for producing 
hypertension in rats is treatment with DCA to produce hypertension (FIGURE 


Steroidal 17- spirolactone 


Pp 


eS: 


*e, 


Aldactone 


FicurE 2. Structure of spirolactone (SC 9420). 


4); after the removal of administered DCA a hypertension persists. This 
so-called metacorticoid hypertension was produced in rats, and treatment 
with SC 5233 was begun. Sturtevant found that SC 5233 caused a decrease 
in the metacorticoid hypertension whether given acutely or chronically. The 
hypertension that occurs during adrenal regeneration in rats was prevented 
by chronic administration of SC 5233," 

There are no detectable pharmacological effects of these compounds when 
they are surveyed by the usual laboratory methods except for a progesterone- 
like activity of SC 5233 and SC 8109. Spirolactone (SC 9420) had no meas- 
urable progesteronelike activity. 

The action of these compounds on renal electrolyte excretion results in 
sodium excretion and potassium retention. This places them in a separate 
group, since most diuretic agents increase sodium excretion and simultaneously 
increase potassium excretion to varying degrees. 

A recent report of Sayers ef al.® indicated an interesting physiological effect 
of aldosterone in rats. Sayers and his co-workers found a striking increase 
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in the functional capacity of the perfused heart when aldosterone was ad- 
ministered. This might make an interesting in vitro test object on which to 
assay antialdosterone activity. 

In summary, it seems from animal tests that the action of the spirolactones 
is to inhibit competitively the effects of DCA and aldosterone on electrolyte 


URINARY No/K 
nN 


O 
Aldo, ug.- o 0.96 0.96 096 
S$C-5233, mg[__o = 1.20 4.80 
Ficure 3. Effects of SC 5233 in blocking urinary Na/K action of aldosterone in adrenalec- 
tomized rats (Kagawa et al."). 
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Ficure 4. Effects of SC 5233 on blood pressure and body weight in metacorticoid hyper- 


tensive rats. Solid dots, controls; open circles, treated. Arrow represents beginning of daily 
treatment with 20 mg./kg. SC 5233. 
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excretion in the kidney. The spirolactone had no action in adrenalectomized 
rats or dogs unless DCA or aldosterone were administered. The dose response 
relationships indicate that the inhibition of DCA or aldosterone is on a com- 
petitive basis. 


Phthalimidines 


At the J. R. Geigy Company a series of sulfonamyl benzophenone deriva- 
tives has been investigated by Stenger et al.'6” for diuretic activity. The 
most useful member is 1-oxy-3-(3’-sulfamoyl-4’-chlor-phenyl)-3-hydroxy-iso- 
indolin with the trade name Hygroton (FIGURE 5). In unanesthetized dogs 
5 mg./kg. of Hygroton by mouth increased sodium excretion from 15 pEq./ 
min. to 103 wEq./min., potassium excretion doubled to 30 wEq./min., and 
chloride excretion increased to 20 times. Hygroton 0.5 mg./kg. gave one half 
the response of 5 mg. After 13 to 14 hours the effect of a single dose was still 


Phthalimidine compound 


OH 
—C\ 


f SO,NH, 


Sulfamylated benzophenone 
Hygroton 


Ficure 5. Structure of phthalimidine. 


apparent. The carbonic anhydrase inhibitory activity was 17 times as great 
as that of sulfanilamide by in vitro assay. The acute LDs5o after oral adminis- 
tration exceeded 5 gm./kg. in rats and mice. 

Chronic oral administration to dogs led to only moderate changes in serum 
electrolytes and no signs of hypopotassemia. 

Hygroton produced its usual diuretic effects in both acidosis and alkalosis. 
Hygroton produced no pronounced pharmacological effects and did not alter 
renal clearance of PAH or creatinine.'’ The dog excretes it rapidly. In rab- 
bits, tissue distribution studies revealed the highest levels in the kidney. 


Antidiuretic Actions of the Newer Diuretics 


_Kennedy and Crawford’® have made interesting observations on the anti- 
diuretic effect of the benzothiadiazines and phthalimidines in diabetes insipidus 
produced experimentally inrats. They conclude that the mechanism of action 
1s an antimineralocorticoid effect. They found that probenecid, which inter- 
feres with the tubular secretion of chlorothiazide, did not reduce its antidiu- 


retic activity. Carbonic anhydrase inhibitors such as acetazolamide did not 
cause antidiuresis. 
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It is concluded that neither the route of tubular secretion nor the carbonic 
anhydrase inhibitory action of chlorothiazide caused its antidiuretic affect. 
Recent experimental results in Kennedy’s laboratory suggest that the anti- 
diuresis produced by chlorothiazide and similar drugs depends partly upon 
blocking the action at the kidney of the mineralocorticoid hormone of the 
adrenal cortex. . 

The evidence of inhibition of mineralocorticoid action on the kidney is as 
follows: 

(1) In rats with experimental diabetes insipidus the reduction of urine out- 
put that followed maximally effective doses of hydrochlorothiazide was dupli- 
cated by adrenalectomy. After adrenalectomy no further antidiuretic action 
could be induced by the drug. Hydrochlorothiazide had no saluretic action 
in adrenalectomized rats. 

(2) Little expansion of the urinary output of the adrenalectomized rat with 
diabetes insipidus followed daily injection of cortisone, but polyuria could be 
restored by giving desoxycorticosterone. This action of desoxycorticosterone 
was completely blocked by hydrochlorothiazide. 

(3) The daily injection of desoxycorticosterone into rats with diabetes in- 
sipidus doubled the urinary volume. No increase in volume occurred when 
hydrochlorothiazide was given at the same time. 

(4) Prolonged treatment of normal rats with desoxycorticosterone caused a 
condition like diabetes insipidus. This form of polyuria was decreased by 
hydrochlorothiazide. 

(5) Two antialdosterone compounds, SC 8019 and SC 9420, were antidi- 
uretic in experimental diabetes insipidus. Their antidiuretic effect was an- 
tagonized by desoxycorticosterone. 

Further studies of water and electrolyte balance and glomerular filtration 
rate should help to elucidate this mechanism. 
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HUMAN CLINICAL PHARMACOLOGY OF THE NEWER 
DIURETICS: BENZOTHIADIAZINE AND PHTHALIMIDINE 


Morton Fuchs, John H. Moyer, Benjamin E. Newman 


Section of Hypertensive and Renal Diseases, Department of Medicine, 
Hahnemann Medical College and Hospital, Philadelphia, Pa. 


Benzothiadiazines 


The introduction of chlorothiazide several years ago! stimulated active re- 
search in the benzothiadiazine group of diuretic agents. As a result of this 
research there has emerged a group of potent diuretics that have character- 
istics common to the thiazide group but there are pharmacological differences 


_ among these drugs that result from seemingly very minor changes in the basic 


benzothiadiazine structure. 
In FIGURE 1 the structural formula of the thiazide diuretics is shown. The 


changes that have been made in chlorothiazide, the parent compound, are at 


the third, fourth, and sixth positions. The pharmacology of these diuretics 
can be divided into three groups at this stage of their development. 
Nonhydrogenated thiazide. The nonhydrogenated thiazides in clinical use 
today are chlorothiazide* (Diuril) and flumethiazidet (Ademol), FicuRE 1. 
These agents have an effective dose range of 200 mg. to 2000 mg. Doses 
greater than 2000 mg. give no greater saluretic or diuretic effects than the 2000 
mg. dose itself. They have significant effects on the electrolyte excretion in 


_ the urine, with major influence on the sodium, potassium, and chloride ions. 


The quantity of sodium and chloride excreted is approximately the same. 


Potassium excretion with chlorothiazide increases with dosage of the drug and 


is greatest at the maximum doses, where the carbonic anhydrase inhibiting 
activity is most evident. With the substitution of the chloride atom by a 
trifluoromethyl group at the sixth position of chlorothiazide, which results in 

flumethiazide, there appears to be a change in the effect on potassium excre- 
tion. There is an increase in potassium excretion doses up to 400 mg. but, 


o 


unlike chlorothiazide, larger doses do not appear to have any greater influence.” 
Hydrogenated thiazides. By the addition of two hydrogen atoms at the 


_ third and fourth positions of the basic structure the hydrogenated group of 


é 


thiazides is produced. The hydrogenation of chlorothiazide results in hydro- 


- chlorothiazidet (Hydrodiuril, Esidrix, Oretic), and the addition of the hydro- 


- gen atoms to the third and fourth positions of flumethiazide results in hydro- 


flumethiazide§ (Saluron), FIGURE 1. 
The hydrogenation of these compounds reduces their dose range to 25 to 


200 mg., and doses greater than 200 mg. have no greater effect on sodium ex- 


cretion. Thus a dosage ratio of 10:1 exists between the nonhydrogenated 


and hydrogenated drugs mentioned.’ Another pharmacological characteristic 


. 
a 


e 


of hydrogenation is the change in the electrolyte excretion pattern. The 


* Supplied by Merck Sharp & Dohme, West Point, Pa. 

+ Supplied by E. R. Squibb & Sons, New York, N.Y. } 

¢ Hydrochlorothiazide, supplied by Merck Sharp & Dohme, West Point, Pa. (Hydro- 
diuril); Ciba Pharmaceutical Products, Inc., Summit, N.J. (Esidrix); and Abbott Laboratories, 


- Inc., North Chicago, Ill. (Oretic). 


§ Hydroflumethiazide, supplied by Bristol Laboratories, Syracuse, N.Y. 
795 ; 


Annals New York Academy of Sciences 


796 


“SOlOINIP UIZeIYIOZUAq JY} JO SE;NULIO; [BANJONI}S 


(2S'.d) 
SPiZ01Yy,OAsoYIOupAy (Ay owoiyy Azua|g -¢ 
20s 
ee 2OSN*H 
—2H9-S—*HD -OH_ ~ 19 


(€6€1d) 
DPIZOIY040;4)AujawaiUyAzZU%g -¢ 


HN ZOSN7H 
() —*H9-S—*Hd OSH 19 


‘| qanoly 


SPIZPIWY4FEOUIo]| Yr44 


29S 
HN“ S*07HN 
joy 
- 1D 
pet -FHs 
(#2 2a) 
Dpizo1yz2uUN| JjoapAujAzZuUag -¢ 
Zos 
HNN ZOSNeH 
(> = ace 
H 
ApizZo1yyauiny jospApy apizpiuzauun}4 
20s 20S 
He S7ON7H HN S™ON7H 
CHOT £49 HON 8) 
HN Sn 
@piZv1IYy{0s0; YOouphy} DpIZojy}OIOjYyD 
z z 
Hh S*0NZH ee S7ONCH 
HO 19 HO 19 
“HN Sn 


S®AIYDAL2P pIZ0IUy 


rr 


Fuchs ef al.: Benzothiadiazine and Phthalimidine 797 


chloruretic activity exceeds the natriuretic activity so that urinary chloride 
is frequently greater than sodium excretion (FIGURE 2). 

3-H ydrogenated thiazides. A further change in the pharmacological charac- 
teristics of the thiazide group of diuretics has been made by the addition of a 
benzyl group at the third position of hydroflumethiazide, resulting in benzflu- 
methiazide,* (Naturetin); and by the addition of a dichloromethy] group at 
the third position of hydrochlorothiazide which results in trichlormethiazidet 
(Naqua). These drugs form the third group of the thiazides, the 3-hydro- 
genated structures. As a result of these additions, a further reduction in the 
dose ranges is made so that now the effective dosage range with these two 
agents is between 1 mg. and 10 mg., and doses greater than 10 mg. have no 
greater effects on sodium excretion. These drugs, with markedly reduced 
dose ranges and marked increase in potency by milligram weight, appear to 
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Ficure 2. The urinary electrolyte excretion pattern of chlorothiazide (nonhydrogenated 
thiazide) and hydrochlorothiazide (hydrogenated thiazide). The chloride excretion is sig- 
nificantly greater with the hydrogenated compounds. 


- produce less potassium excretion with acute administration and therefore have 
a favorable sodium: potassium excretion ratio in the urine.* 


General considerations. 'The administration of the thiazide diuretics results 


in prompt natriuresis and diuresis, and the duration of activity may extend 
from 12 to 24 hours (FIGURE 3). These drugs are of great value due to their 
- marked potency and ease of administration by the oral route. Fortunately, 


toxicity has been insignificant, although occasional gastrointestinal complaints 


_ or skin rashes with or without thrombocytopenia have been noted.*'® 


se 
. 
3 


The action of the thiazide group of diuretics depends upon their ability to 
block enzyme systems at the proximal and distal renal tubules. These drugs 
do not have significant effects on glomerular filtration rate or renal plasma. 
flow (FIGURE 4). is atte 

The thiazides also have value in their ability to promote continuous diuretic 


* Benzflumethiazide, supplied by E. R. Squibb & Sons, New York, N.Y. 
i Trichlormethiazide, supplied by Schering Corporation, Bloomfield, N.J. 
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and natriuretic activity and do not develop a refractory period after several 

days of administration, as may be seen with the carbonic anhydrase inhibitors. 

In FicuRE 5 the continuous excretion of sodium above control levels is demon- 
a ry ed 
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hati in 3 congestive heart failure patient given daily thiazide therapy. The 
Sie as A excretion do not fall to control levels until the patient has 
lac c i i i 
A ompensation and is free of excess sodium stores and edema 
. Heel cians to the thiazide diuretics has been, in general, quite grat- 
ying in most edema syndromes. The degree of response and the comparative 


Glomerular filtration ce./min. renal plasma Flow 
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efficacy of diuretics are difficult to determine, since the diuretic and natriuretic 
response is not only dependent upon the pharmacologic characteristics of the 
drug but also upon the responsiveness of the patient. The dynamic state of 
the pathophysiological influences that play upon the renal tubules will signifi- 
cantly influence the diuretic response to a drug. This continuous change in 
the patient’s response as a result of the dynamics of pathophysiology creates a 
difficulty in comparing the efficacy of diuretics. 

When the sodium excretion of the three groups of thiazide diuretics are com- 
pared in patients that are free of edema and on metabolically controlled sodium 
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Ficure 4. The effect of oral hydroflumethiazide on renal function and urine volume. 
The thiazides have no significant effect on renal plasma flow or glomerular filtration rate, but 


' produce a prompt diuresis within one hour of oral administration. Reproduced by permission 
_ from Geriatrics. 15: 373 (1960). 


and fluid balance, we find that the maximum effective dose of each group of the 


“thiazides influences sodium excretion similarly. The dose ranges by milligram 


weight may vary from a 200:1 ratio, but the over-all diuretic and natriuretic 
efficacy is the same for the three groups (FIGURE 6). This is also borne out by 


the clinical application of the drugs. 


The problem of tolerance with the chronic use of the benzothiadiazine diu- 
retics is still to be evaluated. It is our impression that tolerance does occur 
occasionally, but poor response to the drug due to progression of the disease 
process or change in the dynamics or severity of the physiopathology may be 
misconstrued as tolerance. Occasionally, one thiazide does not have the 
desired effectiveness while another of the benzothiadiazine group may produce 
a good response. The diuretic effects of the thiazides are not as great as those 
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of the parenteral mercurials, which still remain the most effective diuretic 
agents available. The combined use of both mercurials and thiazides may 
have an additive and beneficial effect in the patient with poor response to each 
of the drugs alone. 

The long-term use of the thiazide derivatives may produce electrolyte im- 
balances. The possibility of hypokalemia must be considered with chronic use 
of any benzothiadiazine, regardless of the effect on potassium excretion with 
acute administration, since the long-term effect of any potent diuretic agent 
may produce hypokalemia as well as hyponatremia and hypochloremia. Hy- 
pochloremic alkalosis is not an uncommon metabolic imbalance with these 
drugs, and should be suspected when response to the drugs decreases or the 
patient’s clinical course deteriorates. The elevation of blood urea nitrogen 
with chronic use of the thiazides may occur, due to sodium depletion and a 
decrease in circulating plasma volume. Administration of these agents to 
patients with renal insufficiency should be undertaken cautiously. The ability 
of the thiazides to elevate blood uric acid levels is well known, and the possibil- 
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Ficure 7. Structural formulas of the phthalimidine diuretic. Note similarity of some of 
this structure to that of chlorothiazide. 


ity of precipitating a gouty attack in the susceptible individual should be con- 
sidered and avoided if possible. 


Phthalimidines 


_ The advances made in diuretic research in recent years have been quite 
significant, as demonstrated by the clinical efficacy of the benzothiadiazine 
group of diuretics. Since none of the available diuretic agents in clinical use 


— ae 


today has provided the necessary diuretic effects in all edema problems, further — 


evaluation of newer groups of agents is still actively pursued. The most recent 
addition to our clinical diuretic armamentarium is the phthalimidine group of 
diuretic agents, of which 3-hydroxy-3-(4-chloro-3-sulfamylphenyl) phthalimi- 
dine* (Hygroton) has received significant clinical evaluation (FIGURE 7). In 
a previous preliminary report’ the acute 48-hour weight response and chronic 


administration of the phthalimidine derivatives in congestive heart failure 
patients were described. 


The 48-hour weight loss following administration of increasing doses of this | 


drug to a group of congestive heart failure patients is shown in FIGURE 8. In 
this particular study a significant weight loss with the phthalimidine drug was 


* Supplied by Geigy Pharmaceuticals, Yonkers, N.Y. 


ve, ts 


Fuchs et al.: Benzothiadiazine and Phthalimidine 803 


achieved with the 200- and 400-mg. doses. Doses greater than 400 mg. had 
no further significant effects on weight loss with acute administration in this 
group of patients. The reason for the absence of significant weight response 
with the 50- and 100-mg. doses in this group of patients is not apparent, but a 


_ general survey of dose range is determined by this method. It should be added 


that the 48-hour significant weight response was also accompanied by an im- 
provement in the congestive heart failure symptoms and physical findings. 
The results of the chronic administration of 200 mg. of the phthalimidine 
drug to 15 congestive heart failure patients on a Monday, Wednesday, and 
Friday schedule for 5 weeks is shown in FIGURE 9. There was an average 
weight loss of 2.8 pounds (P < 0.01) at the end of the 5-week period. These 
patients were on maintenance doses of digitalis; after the first week of admin- 
istration of the phthalimidine drugs they remained free of edema and symptoms 
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Ficure 8. Forty-eight-hour weight response to increasing doses of phthalimidine deriva 
tive (G 33182) in congestive heart failure patients. 


of congestive heart failure with the intermittent dose schedule described. It 
was not necessary to administer other diuretic agents in addition to this drug 
in order to maintain the edema-free state. During this study no toxic or side 
effects were noted in any of the patients. Serum electrolytes including sodium, 
potassium, chloride, blood urea nitrogen, and CO: combining capacity were 
determined at the beginning and the end of the study, as well as the hemoglobin, 
hematocrit, and white blood count and differential. There were no significant 
changes in the electrolytes or the blood counts at the end of the 5-week period. 

Since these patients maintained good cardiac compensation and remained 
free of edema on an intermittent dose schedule (Monday, Wednesday, and 
Friday administration) with the phathalimidine derivative but had required 


- daily administration of other diuretics for similar effects, there appeared to be 


some basis for considering this drug’s activity to be prolonged for periods 


greater than 24 hours. ge a 
In an attempt to provide more definite evidence for this prolonged activity 
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five patients were given a single 200-mg. dose and five patients were given a 
single 400-mg. dose of the drug. These patients were maintained on a 50 
mEq. sodium diet; as a control, 24-hour urinary electrolyte excretion was 
determined before the single administration of the drug, and daily 24-hour — 
urine electrolytes were determined after the administration of the drug. In 
FIGURE 10 the 24-hour urinary electrolyte response is shown for the 200-mg. 
and 400-mg. doses. The sodium excretion with both doses remained above 
control levels for two 24-hour periods after the single administration of the 
drug on the first day only. In several patients the sodium excretion remained 
above control levels during the third 24-hour period. This prolonged response 
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Figure 9. The 5-week administration of a phthalimidine derivative (G 33182) i 
, n 200-m 
doses, given on Mondays, Wednesdays, and Fridays to 15 congestive heart failure soatiemts 


There is a weight loss of 2.8 lb. at the end i igni i 
che Gat ice e end of 5 weeks, but no significant change in serum 


in electrolyte excretion bears out the clinical impression of sustained activity 
with the phthalimidine diuretic. In the metabolically controlled patient on a 
50 mEq. sodium diet, this degree of prolonged activity is not seen with the 
other major diuretic groups. It is noted in this study that the electrolyte 
Sa to the 400-mg. dose is not as great as that with the 200-mg. dose. 
e “ae Sa ee ae borne out in the dose response curve as determined by 
A group of patients, free of edema and maintained on a 50 mEq. sodium diet 
were given increasing doses of the phthalimidine agent after control 24-hour 
ae electrolyte excretions were determined.. The doses administered were 
ee 100 mg., 200 mg., and 400 mg., given as a single morning dose. The 
our urine sodium, chloride, and potassium excretions were determined 
after the administration of the drug and compared with control levels. The 
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results of this study are shown in TABLE 1 and FiGuRE 11. A 50-mg. dose in 
six patients produced a significant sodium and chloride excretion. There is an 
increasing response in the sodium and chloride excretion up to the maximum 
effective dose of 200 mg. administered to 11 patients. With the 400-mg. dose 
the sodium and chloride excretions were not as high as with the 200-mg. dose, 
but were still of significant levels to produce a good diuretic response. A 


as re mg. i 
200 : 
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150 “Ta pity mg. 
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: ; at, ; : 200-mg. 

_ Duration of electrolyte excretion after the administration of single mg. 

eo me. pers ‘of the phthalimidine diuretic, G 33182. The sodium excretion remained 
above control levels for 48 hours or more. The quantity of sodium excreted with the 400-mg. 


dose was less than that with the 200-mg. dose. 
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similar response with very large doses of hydrochlorothiazide had been noted 
previously. The discrepancies between the sodium response for the 200-mg. 
and 400-mg. dose, shown in FIGURE 11, and the weight response for these doses, 
as shown in FIGURE 8, are not incompatible, since in the heart failure patient 
a 400-mg. dose still produces a significant sodium excretion. In the weight 
response study it is quite possible that the pathophysiological influence in the 
patients at the time of administration of the 400-mg. dose were such that a 


TABLE 1 
Sodium Potassium Chloride 
Dose in mg. 
CS D if Cc D Z Cc D I 
50 mg., 6 patients 42 | 112 70 65 93 | 28 46 | 117 71 
St. error +6.2 +5.0 +10.8 
100 mg., 4 patients 52 163 111 83 102 19 47 142 95 
St. error +8.0 +5.8 +18.0 
200 mg., 11 patients 46 215 169 53 88 35 47 213 166 
St. error +13.9 +8.1 +14.0 
400 mg., 8 patients 43 145 102 42 74 32 52 151 99 
St. error +9.9 +6.0 +#12.1 


C = control excretion in mEq./24 hours; D = excretion with drug in mEq./24 hours; 
I = difference of C and D. 


@ee==3 Na 
Om @ OC! 


Ome] K 


200 


150 


mEq /24 hrs. 


50 


Electrolyte Excretion Above Control 


50. 100 200 400 


Dose in mg. 


FicurE 11. The dose response curve of the imidi iureti 
SURE 11. — phthalimidine diuretic, G 33182. The sodi 
ip is oe at the 50-mg. dose level, and increases up to the maximum oftective ie 
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significant and greater weight loss was realized than with the 200-mg. dose, 
since the 400-mg. dose has a significant and potent effect on sodium excretion. 
However, this discrepancy does point out the difficulty in diuretic evaluation 
when the pathologic patient is used. 

The potassium excretion with increasing doses of this drug is not significantly 
increased above that with the 50-mg. dose, so that there is a favorable sodium: 
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FicureE 12. Reaction of a patient with idiopathic edema and poor response to chlorothia- 
zide and a mercurial. When 400 mg. of the phthalimidine agent (G 33182) is administered, 
there is a prompt diuresis, with a negative water balance and a significant loss in weight. 
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potassium ratio in the urine at the 200-mg. dose level (FIGURE 11). The 
natriuretic and chloruretic effects of this drug are similar at the dose levels 
studied. Bie: : eas. odaie 

Apparently, the action of the phthalimidine drug is through its inhibiting 
effects on enzyme systems at the renal tubular level. Oral administration of 
the agent produces no significant influence on the renal plasma flow and glo- 
merular filtration rate, but a prompt increase in electrolyte excretion and 
water diuresis is seen within one hour after administration of the drug. 

This drug may be useful in patients whose response to the mercurials and 
the thiazides is poor. The water balance of a patient with idiopathic edema 
and a decreasing response to a 1000-mg. dose of chlorothiazide and 2 cc. of 
mercaptomerin is shown in FIGURE 12. When 400 mg. of the phthalimidine 
drug is administered there is a prompt increase in urine volume and a negative 
water balance with a significant weight loss. This may imply a different 
mechanism of action from the mercurial and the thiazide drugs. This is yet 
to be substantiated, but the possibility of additive effects through combination 
of this drug with the other two agents makes one suspect a different mechanism 
of action. The additive effects of the mercurials and thiazide derivatives 
have already been cited. 

The over-all effects of the phthalimidine diuretic on excretion and clinical 
response have been quite satisfactory, with no significant side reactions to date. 
The addition of this agent to the available list of diuretics appears to be a 
valuable step in the advancement of diuretic pharmacological research. 


Summary 


A review of the clinical pharmacology of the benzothiadiazines and phthalimi- 
dine diuretics is presented. The pharmacological similarities and differences 
of the various available thiazide drugs are summarized. The pharmacology of 
the phthalimidine diuretic agent presents the newer aspects of prolonged drug 


action and the possibility of a different mechanism of action from the thiazides 
and mercurials. 
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COMPARATIVE STUDIES OF THE NEWER DIURETICS 


Ralph V. Ford 
Department of Medicine, Baylor University College of Medicine, Houston, Texas 


The large number of currently available diuretics has presented the prac- 
ticing physician with a bewildering array of claims, facts, figures, and reports. 
These demand that he either spend much time in comparing individual reports 
as to potency, side effects, contraindications, and dosages, or that he continue 
to use the drugs of his past experience and forget the new developments. The 
problem may be simplified by the availability of comparable quantitative data. 
The purpose of this report is to quantitatively compare seven diuretics. The 
seven drugs are: chlorothiazide;! hydrochlorothiazide;? flumethiazide;? hydro- 
flumethiazide;* benzydroflumethiazide;® trichlormethiazide;* and chlorphthal- 
idolone.’ All drugs were studied using the same facilities and same human 
bioassay technique, that is, the employment of metabolically controlled condi- 
tions for the acute studies. 

The methods and materials of this technique have been described fully 
elsewhere, but briefly include the use of at least 10 subjects with hypertensive 
cardiovascular disease who had previously been in congestive heart failure, but 
at the time of study are not in failure and have no detectable edema. These 
patients continue to receive all previous medication for control of their conges- 
tive heart failure (except diuretics) and are maintained under metabolically 
controlled conditions, receiving 3.0 |. distilled water and 50 mEq. sodium diet 
per day. They are given incremental doses of the drug, with adequate time 
for equilibration between each dose, until a dose response curve has been 
obtained. Following the determination of the dose response curve they each 
receive both the minimum and maximum effective dose; by use of an analysis 
of variance and comparing the observed response to the known response to 
intramuscular meralluride (Mercuhydrin), a determination of (relative) potency 
is obtained. 

Fractional urines are obtained after single minimum and maximum effective 
doses to determine the electrolyte excretion pattern. The drug is then admin- 
istered continuously and observations made as to daily body weight, urinary 


- sodium excretion, and serum biochemical architecture. Next, the efficacy of 


the drug in various edematous states is observed, as is its efficacy as an anti- 
hypertensive agent and/or as an adjunct to antihypertensive therapy. An 
additional observation includes the 24-hour excretion of sodium and potassium 
in a group of patients receiving chlorothiazide, trichlormethiazide, and chlor- 
phthalidolone at the end of six months of therapy. 

This method of bioassay has been questioned. However, adequate metabolic 
control, even with such a small number of subjects, can provide statistically 
valid results and this provides a great degree of reproducibility, consistent 
experimental design, and an adequate basis for quantitative evaluation of the 
drug responses. Small discrepancies may arise when these results are trans-_ 
ferred to a large outpatient clinic with the inevitable loss of precise control, 
variable diet, drug absorption, degree of completeness in following therapeutic 
instructions, and clinical status of the patients. 
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Ficure 1 presents the various dose response curves of the diuretics, and not 
only demonstrates the wide range of potency per milligram but also the in- 
creased natriuretic potency per maximum effective dose. The great similarity 
in the shape of the curves is a reflection of their probable common site of action 
and biochemical effect. The comparative electrolyte excretion patterns after 
a single maximum effective dose of the drugs is presented in FIGURE 2. Again, 
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FicurE 1. Comparative dose response curves of various diuretics, demonstrating the wide 


range of potency per milligram and the increased natriuretic potency per maximal effective 
ose. 


note that as refinements have occurred there is, concomitant with the increased 
natriuretic potency, a decreased tendency toward potassium wastage. This 
factor cannot be entirely disregarded with any of these agents. In general, 
the drugs reach a maximum peak of action within 12 hours and show no signifi- 
cant effect on urinary electrolyte excretion at the end of 24 hours. However, 
it has been noted that chlorphthalidolone has a duration of action of at least 
48 hours and trichlormethiazide of approximately 36 hours. The urinary 
sodium excretion in relation to potassium, noted after administration of these 
agents, is important, particularly in light of case reports of clinically significant 
hypokalemia secondary to administration of these drugs. FicuRE 3 presents 


: 


Ford: Studies of Newer Diuretics 811 


the initial and long term urinary relationship of sodium to potassium noted 
with three of these agents using one-half maximum clinical dosages. Acutely, 
the sodium: potassium ratio tends to be proportional to the natriuretic potency 
of the drug. Chronically, however, with chlorothiazide the urinary sodium: 
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Ficure 2. Urinary electrolyte excretion patterns following single doses of various di- 
uretics demonstrating that as refinements have occurred there is a decreased tendency toward 
potassium wastage. 


_ potassium ratio approaches one after the nonfixed sodium stores of the body 


are depleted. The ratio of sodium: potassium in the urine following six months 
therapy with trichlormethiazide was two, and following chlorphthalidolone _ 
was three. It is of further interest that prior to any diuretic therapy, random 
cardiac patients demonstrated a urinary sodium: potassium ratio of less than 
one (0.7, the average for 100 patients). 
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Further studies indicate that this drug-induced potassium loss is not affected 
by dietary sodium or potassium but is a reflection of the drug dosage. Such 
factors as over-dosage can thus lead to clinical hypokalemia, the acute mani- 
festations of which may be cardiac arrhythmias. A chronic, low grade, potas- 
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Ficure 3. Following long-term therapy the excretion of sodium in relation to potassium 
tends to follow, but not parallel, the natriuretic potency of the drug. The effects of acute 
and chronic therapy with three diuretics on the urinary excretion of sodium and potassium, 


slum wastage leads to development of general malaise, leg cramps, weakness, 
nausea, and vomiting, and these may have superimposed acute hypokalemic 
manifestations. We have found that supplementary potassium is rarely re- 
quired if the drugs are properly used and a diet adequate in meat and fruit is 
consumed. 


Other electrolyte excretion effects are generally those of increased pH and 
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bicarbonate excretion (especially with the earlier-developed drugs). Increased 
chloride excretion generally parallels the sodium excretion. The later-devel- 
oped derivatives (hydroflumethiazide, trichlormethiazide, chlorphthalidolone, 
and benzydroflumethiazide) have a more singularly saluretic effect with small 
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Ficure 4. With daily administration the diuretics under consideration are continually 
effective without producing significant alteration in serum electrolytes, blood urea nitrogen, 
or hematocrit. Composite figure demonstrating the effect of serum electrolytes, blood urea 
nitrogen, and hematocrit following seven days of continuous therapy with various diuretics 


using maximal effective doses. 


changes in urinary pH or in bicarbonate excretion. With daily administration, 
all of these drugs are continually effective, producing a progressive loss of body 
weight without significant alteration in serum electrolytes, blood urea nitrogen 
or hematocrit (FIGURE 4). 

The value of these compounds in antihypertensive therapy indicates some 
correlation with natriuretic activity, but there appears to be a limit of a de- 
crease 20 to 23 mm. Hg in the hypotensive effect except, perhaps, in the case 
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of chlorphthalidolone. The hypotensive effect is not necessarily associated 
with a decrease in body weight.® 

Although parenterally administered mercurials are often still the therapy of 
choice in acute edematous-hypertensive states, the ease of administration and 
diuretic potency of these diuretics makes them a valuable therapeutic tool, © 
particularly in long-term therapy. 


Summary 


The dose response curves, relative potency, electrolyte excretion patterns, 
effect of continuous administration on body weight and serum biochemical 
architecture, and efficacy in various edematous states and as an adjunct and 
agent in antihypertensive therapy of seven diuretics have been compared. 
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y) 


With few exceptions the development of clinically significant edema depends 
upon the coexistence of two factors: (1) sodium-retaining corticosteroids such 
as aldosterone, and (2) a circulatory disorder characterized by abnormal pres- 
sure relationships between the extravascular fluid compartment and the venous 
circulation. Thus in congestive heart failure edema forms, in part, because of 
an increase in venous pressure. In hepatic cirrhosis ascites develops, in part, 
because of an increase in portal venous pressure. In hypoalbuminemic dis- 
orders such as nephrosis edema forms, in part, because of diminished oncotic 
pressure within the intravascular compartment. 

Even in the presence of such circulatory disorders, however, edema would 
not be a problem were it not for the sodium-conserving action of corticosteroids. 
Aldosterone secretion is frequently elevated in patients with edema, but even 
“normal” levels of aldosterone are sufficient-to permit edema formation if 
circulatory factors are conducive. On the other hand, in the total absence of 
aldosterone (as in adrenalectomized patients maintained on cortisol alone) it 
is easy to induce a negative sodium balance even in patients with cirrhosis, 
hypoalbuminemia, or congestive heart failure. That an excess of aldosterone 
is not sufficient to cause edema in the absence of a circulatory disorder is evi- 
denced by the fact that patients with primary hyperaldosteronism rarely have 
significant edema unless cardiac or renal failure supervenes.! 

In view of the essential role of aldosterone in the pathogenesis of edema, it 
seemed reasonable to attempt to treat edematous patients with an aldosterone 
antagonist. This approach had its beginning in the work of Landau et al., who 
observed that progesterone antagonized the sodium-retaining action of desoxy- 
corticosterone.2 The carefully designed studies of Kagawa et al.’ then estab- 
lished the fact that certain steroidal lactones were capable of antagonizing the 
sodium-retaining and potassium-wasting actions of desoxycorticosterone and 
aldosterone. The unique function of the steroidal lactones could not have been 
discovered in the routine screening of steroids. Inasmuch as the steroidal 
lactones have little or no effect on electrolyte excretion in the adrenalectomized 
animal, it was necessary to pretreat the test animals with a mineralocorticoid 
before the characteristic properties of the steroidal lactones could be observed. 

It was subsequently demonstrated that steroidal lactones were effective in 
antagonizing the sodium-retaining action of desoxycorticosterone and aldos- 
terone in human subjects.4"® The original compound in this series, SC 5233 
(g1GURE 1), was effective only when administered intramuscularly in dosage 
of at least 600 mg., or orally in dosage of several grams daily. Since synthesis 
of SC 5233 was expensive, this particular compound did not appear to be prom- 

* The investigation reported in this paper was supported in part by Research Grants A-1748_ 


and 2A-5092 from the National Institute of Arthritis and Metabolic Diseases, Public Health 
Service, Bethesda, Md., and by a grant-in-aid from the John A. Hartford Foundation, Inc., 
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ising as a practical therapeutic agent. Kagawa ef al. and their associates then 
directed their attention to the search for compounds that would be orally 
effective and of greater potency than was SC 5233. Thus far four derivatives 
of SC 5233 have become available for clinical evaluation. Their chemical 
structures are depicted in FIGURE 1. The distinctive structural feature com- — 
mon to all of these compounds is the “spirolactone”’ configuration at position 
17 of the steroid molecule. The generic term spirolactone is often applied to 
this entire group of compounds. 
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SPIRONOLACTONE 
Ficure 1. Chemical structures of the spirolactone compounds. 


SC 8109, the 19-nor derivative of SC 5233, proved to be many ti 
potent than SC 5233 itself, and was found to be effective in aseireae Toe 
400 mg./day orally or 100 mg./day intramuscularly. 
SC 9420, the 7-acetylthio derivative of SC 5233, was found to be effective 
in dosage as low as 100 mg./day orally. This compound has been widely used 
under the official name of spironolactone and the proprietary name Aldactone 
SC 8911, the 1-2-dehydro derivative of SC 5233, was found to be much whois 
potent than SC 5233 itself; it is effective in dosage as low as 100 mg./day orall 
SC 9456, the 6-7-dehydro derivative of SC 8911, was found to be less ee 
than SC 8911 itself, but more effective than SC 5233. ‘ 
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All of the spirolactones studied are qualitatively similar in their effects on 
electrolyte excretion. The precise explanation of their quantitative (potency) 
differences is as yet unknown. 


Mechanism of Action 


The concept that the spirolactones act by antagonizing the renal tubular 
action of aldosterone or similar mineralocorticoids is based on the following 
observations: 

(1) The spirolactones have little or no effect on urinary electrolytes in the 
absence of aldosterone or similar mineralocorticoids. This was clearly shown 
by Kagawa et al. in their original studies of rats? and has been confirmed by 
studies of adrenalectomized dogs and patients with Addison’s disease in this 
laboratory.*® When, however, spirolactones are given to subjects with intact 
adrenal function or to patients with Addison’s disease, who are maintained on 
exogenous mineralocorticoid, a pronounced change in urinary electrolytes is 
produced. 

(2) The electrolyte excretion pattern produced by spirolactones is similar to 
that resulting from the abrupt withdrawal of aldosterone’ or that produced by 
the administration of compounds (such as amphenone B and SU 4885) that 
interfere with adrenocortical biosynthesis of aldosterone. Thus aldosterone 
administration results in decreased urinary excretion of sodium and chloride 
and increased excretion of potassium, titratable acid, and ammonium. Aldos- 
terone withdrawal, inhibition of aldosterone synthesis, and spirolactone admin- 
istration all result in increased sodium and chloride excretion and decreased 
potassium, titratable acid, and ammonium excretion. Spirolactones are unique 
among diuretic agents in antagonizing all of the effects of aldosterone. 

(3) The spirolactones do not decrease the adrenocortical secretion of aldos- 
terone or other steroids, judging from studies of aldosterone secretion rate, 
urinary levels of aldosterone, urinary levels of the tetrahydro metabolite of 
aldosterone, urinary 17-ketosteroid levels, or urinary 17-hydroxycorticoid 
levels. These studies are described in detail elsewhere.’ The effect of spiro- 
lactones on electrolyte excretion therefore cannot be explained on the basis of 
possible interference with adrenal steroid production. 

(4) As demonstrated by Wiggins ef. al.,° the spirolactones do not exert a 
significant effect on glomerular filtration rate. 


Clinical Usefulness of Spirolactone 


A natriuretic response to spirolactone (FIGURE 2) is observed in all forms of 
edema as long as severe renal insufficiency is not present. In general, however, 
a spirolactone is only moderately effective when used as the sole diuretic agent, 
and at times a greater and more rapid diuresis can be accomplished by conven- 
tional agents. The practical therapeutic merits of the spirolactones derive 
from two facts: 

First, the fact that the mechanism of action of spirolactone differs from that 
of any type of diuretic makes it possible that the spirolactones act synergisti- 
cally with other diuretics, particularly in patients who have developed refrac- 
toriness to conventional diuretics. 
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Second, the fact that the spirolactones oppose the potassium-wasting 
influence of aldosterone makes them of unique value in the treatment of patients 
with secondary hyperaldosteronism, who frequently respond to conventional 
diuretics by excreting undesirably large quantities of potassium. ; 

In the initial phase of treatment of an edematous patient with conventional 
diuretics, sodium is usually the major cation to be lost. As sodium is lost from 
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FicurE 2. Responses to prednisone and to spirolactone in a patient with congestive heart 


failure. Prednisone produced little increase in urinary volume and sodium, while spirolactone 
induced a brisk diuresis and a 10-pound weight loss. 


the body, aldosterone secretion rises to progressively higher levels even before 
the edema has been completely corrected.!° In the presence of high aldosterone 
levels, conventional diuretics induce relatively more potassium loss and rela- 
tively less sodium loss than when aldosterone levels are low. Administration 
of spirolactone tends to oppose the action of aldosterone, so that conventional 
diuretics continue to promote sodium excretion with relatively little potassium 
wasting. Unfortunately, however, the spirolactones usually do not completely 
abolish the kaliuretic response to conventional diuretics. 
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Some of these points are illustrated in FIGURE 3. The patient was a young 
woman with postnecrotic cirrhosis. Ascites had not been controlled by mer- 
curials or chlorothiazide and had required multiple paracenteses. A portocaval 
shunt previously had been performed for bleeding esophageal varices. Urinary 
aldosterone excretion was markedly elevated. Urinary sodium excretion was 
less than 1 mEq./day regardless of sodium intake. When spirolactone alone 
was administered there was a manyfold increase in urinary sodium, although 
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FicureE 3. Responses to spirolactone and a benzothiadiazine derivative, alone and in 
combination, in a patient with cirrhosis and ascites; note the considerable natriuretic response 
to combination therapy while potassium loss actually decreased. 
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the absolute increase in sodium excretion was modest. There was no change 
in urinary potassium. When a benzothiadiazine derivative (P-1393, 3-benzyl- 
thiomethyl-6-chloro-7-sulfamyl-1 ,2 ,4-benzothiadiazine-1 , 1-dioxide) was ad- 
ministered alone, the most striking change was a marked increase in urinary po- 
tassium excretion, while urinary sodium was barely altered. When, however, 
spirolactone was given in the presence of P-1393, there resulted a prompt and 
impressive sodium diuresis, while urinary potassium excretion fell to approxi- 
mately one half of the base line level (that is, the patient actually retained 
potassium). During the period of combined drug therapy the patient lost 10 


pounds in weight. 


820 Annals New York Academy of Sciences 


The advantages and effectiveness of the long-term use of spirolactones in 
combination with other diuretics are illustrated in FIGURE 4. Following para- 
centesis the same patient described above was discharged from the hospital on 
low-salt diet and a combination of spirolactone and P-1393 for three days of 


each week. For three months she maintained her “dry” weight on this pro- / 


gram. At the end of three months spirolactone was withdrawn, while P-1393 
was continued. Almost immediately the patient began to gain weight. Re- 
sumption of spirolactone in the previous maintenance dosage slowed but did 
not completely halt the weight gain. Increase in dosage, however, resulted in 
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Ficure 4. Results of long-term treatment of th i i 
a. \ F e same patient as shown in FIGURE 3. 
The arrow indicates the point at which paracentesis was Satie 


diuresis with loss of 14 pounds of fluid. During the year prior to spirolactone 
and P-1393 therapy, paracentesis had been necessary every four to eight weeks. 
This patient has now been followed for more than one year on spirolactone and 
P-1393 therapy three days weekly. She is active, employed in a factory 40 
hours weekly, and has required no further paracenteses. Her serum electro- 
lytes are normal. The basic disease process, however, has not improved, judg- 
ing from persistent abnormalities of hepatic function. 


Summary 


A number of steroid 17-spirolactones have proved to be effective diuretic 
agents in man and have been demonstrated to exert their effects by antagoniz- 
ing the renal tubular action of aldosterone. The following evidence supports 
the view that the spirolactones act as aldosterone antagonists. 
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(1) The spirolactones are effective only in the presence of aldosterone or 
aldosteronelike steroids, whether endogenous or exogenous. 

(2) The effects of the spirolactones are similar to those observed with the 
acute withdrawal of exogenous aldosterone or acute suppression of endogenous 
aldosterone, that is, increased excretion of sodium, chloride, and water, and 
decreased excretion of potassium, titratable acid, and ammonium. 

(3) The spirolactones do not block the secretion of aldosterone or other 
corticosteroids. 

(4) The spirolactones do not appreciably modify glomerular filtration rate. 

When administered to patients with edema, the spirolactones may induce 
satisfactory diuresis if employed alone, but they are of greatest therapeutic 
value when used in combination with other diuretic agents. Conventional 
diuretics cause potassium loss in addition to sodium loss. The addition of 
a spirolactone tends to augment the natriuretic while diminishing the kaliuretic 
effects of conventional diuretics. Patients have been maintained on combined 
therapy with spirolactone and chlorothiazide derivatives for as long as one 
year without developing refractoriness to the regimen or significant electrolyte 
imbalance. 
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EFFECTS OF BENZOTHIADIAZINES ON SERUM 
AND TOTAL BODY ELECTROLYTES* 


Peter J. Talso and Antonio J. Carballo 


The Department of Medicine, The Stritch School of M edicine, Loyola University, 
Mercy and Cook County Hospitals, Chicago, Il. 


The management of hypertensive disease and of various edematous states 
has witnessed an important advance with the introduction of the benzothia- 
diazines.! The effects of these agents on serum potassium concentration and 
on other aspects of electrolyte metabolism have been well documented.” ® 
These include hypochloremic alkalosis, hypokalemia, azotemia, and hyperuri- 
cemia. 

Studies performed in this laboratory have demonstrated that a decrease in 
serum potassium concentration occurs in approximately 85 per cent of patients 
receiving any of the benzothiadiazines. Simultaneous determinations of total 
body potassium utilizing the isotope dilution technique, however, have revealed 
no significant changes in this parameter.’ This suggested that the hypokalemia 
associated with benzothiadiazine administration reflects a redistribution of 
potassium rather than a frank depletion of this cation. An inverse relationship 
between extracellular potassium concentration and »H has been demonstrated 
by numerous investigators.*"*= Consequently, the current study was under- 
taken in order further to evaluate these changes in potassium metabolism and 
to elucidate the mechanisms producing hypokalemia during benzothiadiazine 
therapy. 


Methods 


Patients for these studies were selected at random from the Hypertensive 

Clinic of the Loyola University—Mercy Hospital Clinics. All patients utilized 
for these studies had hypertensive disease of moderate severity, as judged from 
the level of the mean blood pressure, the degree of renal functional impairment, 
the heart size (determined by X ray), the electrocardiogram, and the appear- 
ance of the optic fundi. None of these patients was in the malignant or ac- 
celerated phase of hypertensive disease at the time of these studies, and none 
had overt evidences of congestive heart failure such as orthopnea or peripheral 
edema. All electrolyte studies were performed when the patients were in the 
postabsorptive state. 
At the initiation of studies of each patient, the height, basal weight, and rest- 
ing blood pressure were determined. Following this, a sample of arterialized 
venous blood was drawn under oil with minimal stasis, and the exchangeable 
potassium was then determined by methods previously described." 

* The investigati i i i 
4944(C6) from the National Institutes of Health, Public Hieach Serie, Betheete Spd an 
by grants from The Chicago Heart Association, Chicago, Ill.; from Merck Sharp’ & Dohme 


Research Laboratories, Division of Merck & Co., Inc., West Point, Pa.; from the Squibb 


Institute for Medical Research, N. i ; i 
Products tuk, Gemetae ae » New Brunswick, N. J.; and from CIBA Pharmaceutical 


The investigation was conducted 
search fellowship from the National 
under Research Grant HF-9345. 


during the tenure of A. J. Carballo’s postdoctoral re- 
Heart Institute, Public Health Service, Bethesda, Md., 
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The patients were studied before and immediately after each of the programs 
of therapy listed in TABLE 1.* In the group of 20 patients that received hy- 
drochlorothiazide alone, 100 mg. daily, standard 12-lead electrocardiograms 
were taken before and after the period of therapy. An additional group of nine 
patients was studied to evaluate the effects of supplementary sodium chloride 
intake. In this group of patients, base line studies of weight, blood pressure, 
serum electrolytes, and total body potassium were done initially. Following 
this, hydrochlorothiazide in doses of 100 mg. was administered daily for two 
weeks, when the weight, resting blood pressure, and serum electrolyte concen- 
trations were determined. Following this, supplementary sodium chloride was 
administered in the form of Thermotabs} in doses of 2.7 gm. daily for 14 days, 
and the electrolyte determinations were again performed. - Finally, the patients 
were given 4.5 gm. of supplementary sodium chloride for 14 days, and the studies 
were repeated. 

Serum pH was determined with a Coleman Model 18 pH meter, serum bi- 
carbonate by the manometric method of Peters and Van Slyke,!* serum chlo- 


TABLE 1 
PROGRAMS OF THERAPY 


< fy ob Mose Dore Duration 
No. patients Medication (mg. /day) eg salts (em) a 
20 Hydrochlorothiazide 100 None — 28 
17 Benzydroflumethiazide 10 None = 28 
10 “Hydrochlorothiazide 100 KCl 0.6 28 
10 Hydrochlorothiazide 50 KCl 0.6 28 
14 Hydrochlorothiazide 100 NH.Cl 1.0 28 


ride by the Wilson and Ball modification’ of the Van Slyke method,” sodium 
and potassium were determined with an internal standard flame photometer,t 
and the blood urea nitrogen was determined by the method of Barker. Assays 
for radioactivity were performed with a well-type scintillation counter utilizing 
a Lucite crystal. Exchangeable potassium was calculated by methods previ- 
ously described.“ 


Results 


The results obtained in these studies are listed in TABLES 2 through 9 and 


in FIGURES 1 through 7. ; “7 
Weight. WNone of the 80 patients utilized in this study was clinically edem- 
atous at the time the initial determinations were made. As a result, although 


* The hydrochlorothiazide and the hydrochlorothiazide combined with potassium chloride 
were mipphied by Edmund de Maar, of Merck Sharp & Dohme Research Laboratories, West 
Point, Pa. The benzydroflumethiazide was supplied by R. C. Merrill, of the Squibb Institute 


Medical Research, New Brunswick, N. J. - : 
aa fee mctabe were supplied, through the courtesy of Richard Smith, by Merck Sharp & 


Dohme Research Laboratories, West Point, Pa. Each tablet contained 0.45 gm. sodium 


i i i i 2 gm. dextrose. 
chloride, 30 mg. potassium chloride, 18 mg. calcium carbonate, and 0:2 g 
t Advanced feminine. Inc., Newton Highlands, Mass. 


Annals New York Academy of Sciences 


824 


€IT |SOT/OET 
OFT 0ZT/08T 
€£T |00T/00Z 
OTT | $6/OFT 
OST |STT/07Z 
ZT \OTT/SPIT 
OTT | 06/0ST 
ZET \OTT/SLT 
OST |OZT/0TZ 
LPL |STT/01Z 
OST |0ZT/0TZ 
OfT |SOT/O8T 
EET |OZT/09T 
OST |0ZT/01Z 
€Z1 | $6/O8T 
ZL \OTT/S9T 
SET \OTT/S6T 
ZT \OTL/SFT 
SET |OTT/SFT 
L7T \O0T/O8T 


6t 
TST 


La 
ria! 
cOT 
Tal 
Sot 
OFT 
LST 
Let 
elt 
OFT 
O8T 
Stl 
£vl 
LLY 
Let 
ert 
L81 
OST 
09T 
£7 


OTT/09T 
SZ1/08T 
OTT /S97 
96/OLT 
OfT/SEZ 
o¢T/09T 
OT /O1Z 
STT/08T 
OFT /0FZ 
FIT/O1Z 
OFT /09Z 
St1/S0z 
OfT/OLT 
OST/0EZ 
OTT/06T 
OST /07Z 
0ST /097Z 
Set /08T 
0721 /0F7Z 
00T/OLT 


(3H VV 
“wiul) | (37 “wrw) 
‘da ‘da 


‘Pa 

(3H 
“uru) 

‘ra 
uray 


Pa 
(3H “wun) 
‘aa 


*yuaur}ee7} Jaye “yy {yUeWyeEI} aI0JOq “Jog ‘°3uUr OOT esop ATIeq , 
ye UV Lae Pa 


ye A Pe ee ee ee ee ee ee a a ee eee ee Se eee 
a 


Pa | UV 


£ 
cot 


FOr 
LO 
TOT 
SOT 
Tor 
ZOT 
L6 

OOT 
TOT 
96 

00T 
POT 
£0T 
£0t 
cot 
LOT 
TOL 
FOr 
90T 
00T 


‘Pa 


bau) | ([/-bgqu) 
wmdasg} _[D umes 


169 \6oS |S | $ |8S‘O |6F'0 | 
EhLZ |S69z | 6 | OF \zB'e \zh'F \eFT 
08zz |orez | 8I | St lobe |F9°% \OFT 
6LSZ |P9LZ | OT | ET \2L°e \Lb°h \OFT 
9o9¢ |Izse | Zz | OT \eth \09°% |SPI 
HOST |PS8I | LT | IT |8t°h 20'S |zFT 
0608 \6r8z | ZT | OT lOF'> \zs'h |crl 
1997 |L6LZ | ST | OZ |8'€ |SI'h |SbT 
929z |69Iz | 92 | 92 09°F |F0'F [LPI 
LOTZ |O86T | 6 | OF \8S"h \Ob"h [LPI 
7797 |evtz | HT | FT \cO°h \OS"h |8FI 
SLIP lOSoe | €z | 7 |PO'h |Sh°F |SHT 
69T€ |609Z | OF | FI [9z"h les"e \ShT 
opse |so9e | ST | ZT |0'h |99'h |FFT 
eore |sose | 91 | 6 |PO'e |e6'h |ser 
OGLE |SBEe | SZ | FT |FE'h |SL°h SET 
8002 |9¢0z | Sz | FI \Se"h \eL"h |ePT 
1602 |e6ez | ZZ | €T |Lb'e [20'S |LET 
BOLT |P96T | TZ | @z |SZ°Z \00'E [OFT 
7692 \€66z | TZ | FT |SL°Z \00'F [OFT 
PPIZ Ize | 62 | Sz [LS"E Shh [LPT 
LSLz \Z6z | GT | BT j99°E [OS |SeT 
HV | Pa | UV | Pa] UV | Pa | UV 
aa (‘yu aps a 
Car | ours) | Yas | ah 


gz |s:z_ |so‘o |so‘o |s‘st |9°#t ‘a's 
'0¢ (TZ lors lee's |P'ZL |SEL ued 
z‘uz le‘zz loss \te'z \t'09 \6'09 | ozt | al er) ‘aa 
0°62 lez |se"s \4z'z \o's9 [4-29 | 9st | al oe | “Ha 
9°82 \z'Lz \zes \sz°e le-sttiz'stt| 891 | a] 49] “WI 
LI |9°#2 [PPL loe'Z |Z-9s [009 | gst | a} 09| “wt 
Liz let loe'z lee'z le-og |t'e8 | ot | W|9S| ‘aa 
6°S¢ \o°#z loF'Z \2e°Z \z'#6 \¢¢6 | cor | 2] of | WN 
0°0¢ |g°zz lets logs lees le-ze | cor | al or] ‘wT 
e-1z l¢°97 \eerZ le°Z I@ TL IL | ror | Al oS | “HV 
8°92 |b'sz \sb'Z \serzZ \Z°99 |s'99 | gor | a] Sb} “Ova 
162 \z'lz |ge'Z |TE°L |t'16 |z'e6 | 821] WI] zs| ‘St 
1'8z |s-6z Ise°s \zez |pe9 |z'¢9 | zat | W| 8s] “MD 
ose 0-6 ler'Z |Te'Z lovsz |Z'sz | OLE | W| SF) “av 
ese ler lcd Iserz pee lovsz | eZ | WI] 9¢| “Da 
Tze |L'1Z \S€°L \£z°L (0°18 \o’zs | 94. | W| os} -a's 
6°62 (6°62 \SE°Z lO¢'L \¢'09 \S"19 | Ost | a) 8S] “aT 
¢6¢ 0°62 [LE°L \SE°L \z’8S 6°09 | HI | 2/79| “MO 
cee |0°62 [SFL loe'L P'9S gos | set | al or| “TV 
cee [0°82 FEL BEL bos e199 | oor | W| 9¢| “Wa 
Z*1z |0°Sz \1e°L \ez°L \¢¢9 \o'99 | set | al os| ‘Ow 
9°z¢ lo-sz \ze'zZ lpe'Z |s-69 [2:02 | sot |W] ss) “aT 
‘WV ‘Pa BV | PA |] UV | PAL 
yA ("w9) a (44) ae. 

(bam) | (y-baw) (34) aH |S | aay | ¥d 

OOH umes] Yd wns | 34310 


SAV 8Z wor 
* 
ACIZVIHLOAOTHOOUGAYJ JO NOLLVALSININGY ONIMOTIOJ ‘VNACY ON GNV ASVASIC( LAVA} AAISNALAAMAP] HLIM SINAILV 0Z NO SNOILVAUASAO 


Z TIavL, 


825 


lazines 


iad 


Effects of Benzothi 


Talso & Carballo 


LT 9T |06S |029 
PET | SET |PSS7 jOSSZ 
OfT | OZT |LLZb7 |LE97 
PT | CET |88P7 j6SSz 
OST | OOT J6FST |SZSZ 
€£T | LET |P6L7 |9987 
OTT | OFT |LOOE j9ZTE 
CIT | SET \6S6L |S96T 
€VT | 99T 166SE |ZT9E 
€ST | LOT |896T |ZT77 
£91 | SHI |87S7 |P8SZ 
€7T | SET |ZZ6T |$00Z 
O€T | OTT |S9TC |6E77 
LCT | OIL |199€ \699¢ 
PT | SET |STO7 |TV6T 
€ST | 2ST 9077 |9F07 
OZT | OFT j€T9E |T8S¢ 
COT | LEE |£607 JETLT 
LCT | €7T |EEES |S007 
yv | Pa | uv | Pa 
(8H “wur) (‘byur) 

"T'g weayy al 


*‘quowl}ver} Joye “ypy {yUeMI}VII} oIOJOq “Jog {BUI QT Vsop ATIeEq . 


9¢° jOS° € 9 
L8°€ OF P| LET | LET 
c9°€ |SS°P | OFT | LET 
Teh |00'°S | LET | ST 
8h'E |O8'F | THT | ZHI 
76°€ |O8°F | FHT | SPT 
8° \|00'F | €€T | SET 
€l'P \€8°P | PET | 6FT 
P8-€ OSE | SET | LET 
9¢°€ |00°S | 9ET | TET 
TIE 129° F | LET | LET 
HOS |06°€ | SET | LET 
8E°F |S8°F | OFT | TET 
Lev |OL PV | LET | FHT 
80°F \9€'°F | PET | OST 
2O'F |89°F | LET | LET 
00°F |09°F | SET | SET 
OTF |LZT°F | SET | Let 
COVE EES Loeb 
yy | Pa | vv | pa 
(‘1/bqut) (‘1/bqu) 
4+2N uinias 


NOILVALSININGY SNIMOTION ‘VNady ON GNV ASVaSIG: LUVAP{ AAISNALAAdAPFR HLIIM SINGILVG /]T NO SNOILVAXASIO 


G G TiO) 1656) {vO 190) 
TOT | SOT J€°82 |P 92 |77' 4 |Le°L 
TOT | 90OT |T'TE 16° L2 27 'Z \ee°L 
86 | 90T |8°62 |8 Fe \OF ZL Te ZL 
£OT | 9OT 18°87 1°97 |SP'L ILE -L 
COT | SOT 18°62 [9° L7 |FH'L TPL 
TOT | ZOT |8°F7 [9°97 joe L \LE°L 
66 | €OT |T'TE \6'€? |LE°L 67 L 
POT | COT |T OF |T 82 [OFZ \Se°L 
SOT | TOT |Z°L42 \0°7@7 JOS Z \6h'Z 
COT |} FOL. 16:66 16 BECISE se Sat 
COT | SOT |6 LZ IL £7 87 L |S L 
TOT | SOT |6°67 |6°SZ |6E°Z |LZE°L 
TOT | 6OT |Z°L2 |8 H7 |8E°L OE L 
86 £OT |2 87 |€ Le |SE°L OE L 
TOT | €OT |€°S7 |B Le JEL |SE°Z 
66 | SOT |8°97 0°82 \OF'L |SE°L 
90T | POT \6 7 |T'ST \8h'L IStL 
OOT | LOT |6°8Z% IT 82 |6€°Z j9E"Z 
av | Pa | uv | Pa | uv | ya 
(V/baw) | (bam) | (1/baw) 
9 umreg | 00H umes} PH? umseg 


#SAVC 87 XOX AGIZVIHLANWNTIOAGAZNAG FO 


¢ ATAVI, 


ae Wy see Om ee 


. 


OAPOCOHMAMNMHODOORNAr~AH MO 


= 
is 


oO 

oo 

~~ 
ham 


wl 


SArRAOCOSOAMOWMDAHMNOMNAS 
— 


— 
—t 


. 


NatHqnnSoS 
be hy ie a gp AP ag 


MONMHNANNMOWDHR wre 
RESBBIASESILSSSRAF ~~ 


oot 
o 
a 


(39) 
TUBIOM 


SOT 
TST 
TOT 


\ Sar 


£OT 
DOE 
cot 
est 
est 
est 
SOT 
cot 
OST 
8ST 
SLT 
8ST 
SST 


("w9) 
TH 


ft i a 


Re EON TP 


[Ss 
URI 


Wie BS 
AEG. IOss 
OOdUndH<d 


jS4H ed 


ata 
Lo 


< 
co 


A 
M 


a 
fa 


| 
= 


= 
| er } 


4 
69 


1ded 


Annals New York Academy of Sciences 


826 


‘yuowrye07} Joye “iy {queuyeeI} s10Jaq “Jog {WZ g°9 9puofyo unIssejod “Zur QOT epizery3010;yDo1pAy :asop Ayre 
EEL 


Te 4 ss6 |899 | 4 |9 |9F'O [70 |€ |S [2 |€ |S°% |e°% |€L'O [€0°O j6 TT |T ct ‘as 

9ET TI 106Z |€98Z | ST | 6T |8Z'F [OFF [EFT |ZHT [66 [POT |L°82 [SL OFZ 9E°L |9°L9 [S89 ues 

ZI |OOT/SLT| ZHI \OTT/SOz 6Z | HI |OF'E |SO'h |SHT |SPI |86 |90T [6°62 |h'8z |Sh°L EEL 9'EL FFL | OST] A|SS| Wa 
S6T |O9T/S9Z| LST |bZT/ZZZ|POLE |69TE | OZ | TZ [OTH |€O'H |SET |OET |L6. [HOT |8°L2 |9°8z \Ez"L \€E°L [7°68 [S06 | SLT | WY €S ‘dS 
LET |SOT/00Z| OFT |SOT/OTZIOTF |Oz8z | €z | ZE |OE'H |OE'H |PPL [EFT [86 |ZOT |Z'Te lO'ZE lOe'L |LE°L [9°99 |T'L9 | BLT | W| eS) AV 
OIT |OOT/OET| OZT |0OT/O9T|z99z |FSZz | OT | OT |Z6°E |S9°E |HHI |BET \EOT |POT \z°6z |E°4z |LE"L |SE°L 6°89 F'69 | 89T | W |} OS | Ha 
COT | 06/OET| TET \ZIT/OLT|ZZ8T |SSZT | IT | HT |SZ'F |89°H |SHE OPT \66 SOT jO'HZ |8°Ez [OE'L [TEL |L'Sh |L 9h | EST | A) CE) OW 
66 | 08/8ET| TIT | 86/8ET|00ZF |980F | 8 | ZZ |ZL‘H [ETS [OPE [SET OOT [86 |8°SZ |Z°L7 J9E"L |TP'L |Z'SL OSL | OLT | W| OF | “LM 
O9T |SET/OTZ| OST |ZET/ZIZ|O9LT \ESzz | FI | ET [9E°h [SEH |€PE |OFT |TOT |ZOT |6°OE [8°Sz |8S"Z |SE°Z |T' PS |Z HS | cet | A | L9 ‘al 
EET [OZT/O9T| OZT |OOT/O9T\LZZE |F8ZE | OL | FI [FOF |OS" |SHT |GFT |OOT |90T |8°8z |4°8z |ze"Z |LE°L |Z 19 |h'79 | SHE | W | 9E | “Wa 
OLT |SET/OPZ| SOT \OST/F8z|TZEZ |HISZ | LZ | SZ [00'S |OL"H |EhT |ShT |96 |ZOT |6°TE |O°Lz |29°s |SE°L |S TL |heL | SOT | Al Ls | O'T 
ETT |OTT/OST| TET |POT/F8T\OSZZ |6ZTE | ZZ | ST |69°F |O9°H JOT |OFE |ZOT |90T |Z°Lz |F'97 [BFL IHL [E69 FTL | OLT| 4/69) AL 
Mad Pa WY | “PU | UV | Pa) UV | Pa | UV | Jed BY | Pa UV | Pa | UV | Pa | UV | ‘Pa 

Gy} EV) ag ee | | pm | mm — ] cn (:14) 

ed Cram ps) eee) ‘ (‘ja ; ars erie oe ey oe aay 448d 

da| ‘aa |‘aa| ‘aa (‘bquz) oot/sm) | (1/Pam) | (1/bam) | (1/baw) | (1/bam) (1/-baat) (2%) 

ueay uee al Nog + umes | eN wag] _[) umes Ree umieg} H¢ umes 74312 


peep a a a 
¥SAVC 87 AOL ACGIMOTHD WAISSVLIOd HIIM AAHIAOOL ACIZVIHLOAOTHOOUNGA FL iO 
NOILVULSININGY SNIMOTION ‘vnNaay ON GNV aSVdSIQ LAUVAY{ AAISNALAAMAPFY HLIIM SINAILVG OT NO SNOILVAaXASAO 


f AAV, 


827 


jazines 


iad 


Effects of Benzothi 


. 
. 


Talso & Carballo 


‘quouryeer} raise “yy {yUaWZeeN s10Jaq “jog {"W13 9'9 apoyo wunIssejod “Bur OS apizeiy}o10pyoorpAy :osop Aled » 


OOT/OLT 
071/002 
O1T/O8T 
STT/O1Z 
OTT/06T 
OTT /06T 
OTT /06T 
¢6/0ST 
OTT/OST 
06/0ST 


04/022 
S71 /06T 
00 /00Z 
OfT /0ZZ 
STT/08T 
SZt/S8t 
021/002 

06/0ST 
OFT /07Z 
801 /88T 


Pa 
(3 “wur) 
‘da 


NOILVULSININGY ONIMOTION ‘VWAGY ON GNV ASVASI(] LUVA_{ AAISNALATMAY HLIM SINAILVG OT NO SNOILVAaaSEOQ 


Pa 
(3H “wur) 
‘da 


T6r |sse 6 $ 
O62 |FESZ | 77 | OT 
OTEZ |6£97 | TT | 2T 
OOF |TLSZ | TZ | OT 
€OSZ |6SSZ | HZ | TZ 
807 |SLSC | FT | ET 
OSEZ |998Z | 6T | 02 
LTET |H8S7 | CV | V2 
9OTZ |Z17Z7 | £E | 8ST 
8SOE |9ZTE | 6T | LZ 
ZI9E |7VCS | TZ | ST 
7COT |S96T | OT | OT 
“av | cpa | uv | Pa 
ea hed 00T ‘3u) 
qt Nog 


CV OLE OSes Se ew NS 
EY OS'H |OPT \OFT |ZOT |POT 
OTH |SS°P JOPL |ZPT |LOT |90T 
Of F \OS'H |ZET |SPT j€OT |9OT 
SL°¥ |00°S \OFT |SHT |TOT |90T 
LS} \O8 °F \6€T \ZPT |SOT |90T 
08°F (08 'F |SET |SPT \POT |SOT 
86° |29°H [SPT |LET \COT |POT 
€S°¢ |0O'S MET TET |S6 |TOT 
SO'F \00°F \6£T |SET 66 |ZOT 
LUV \OS°E |CVE |LET \OOT \EOT 
18° |€8°H |CVL |6€T jOOT |£OT 
‘BV | Pa | UV | Pa] BV | PL 
(1/bau) | (1/baw) | (1/baw) 
4a unzes «| en umes] _[D umses 


6'% |S*z (S00 |90°0 |Z°ST |O°ST :5 
Z'6z |$°9% \Oh'L |9E°L [L508 |O'TS ueoy 
Plt \6' LZ \se'L le¢°L 16°09 |t°09 | sor | a | es PaOWL 
¢6z |s°9z |ze°Z lee'Z \7°86 |8°46 | 991 | a | ts| mi 
¥'L7 \8°¥e \OE'L |TE'L |8iZOTIO'OOT| Est | A | LH | ON'V 
O°SZ IT°97 (ERE IZE°E AOL 161004: SO i) a Seay oe 
6% |9°L7 |Th'L |TH'L [SLOTS TOT] LST | A | ZS Ba | 
9°7E IS TS UPL IE L ISOS IO 7h Ost | A} OV SD 
T'Pe [0°72 |Th'L \6r'L |Z SL \8'FL | 9ST | A| 7S | “HO 
0°92 [9°92 |SE°Z |LE°L |S°H8 |O'S8 | 99T | WW | SO siserh 
S‘TE |T°8z |Sh°L SEL |S°ZL PEL | O9T | A | 6S | “MV 
0°62 |6'€z |ee°L |67°L P79 |S'9 | OLT | A] 6S] “WO 

WMV | Pa | HV Pa | NV | Pa 

(wD) | vag [C24 | 440 

(bam) | (1/baw) (29) wa |S | aay eB 

QOH wnies} H¢ umsag WSO M 


¥SAVQ 87 AOL AACIAOTHD WAISSVLOd HILM ATHIAOOL adIZVIHLOAOTHOOAGAH, AO 


¢ aTavVL, 


Annals New York Academy of Sciences 


828 


08/0ST 
09/0€T 
o¢T/O8T 
00T/OST 
00T/SFT 
O11 /0ZZ 
STT/S0z 
$6/SST 
STT/061 
S11 /09T 
00T/08T 
$6/SPI 
SOT /0ZZ 
00T/S9T 


‘WV 
(3H ‘wur) 
‘da 


‘yuauI}VeI} Joye “7FY {qUaUI}eEI} DIOJoq “Jog {'wW3 Q'T ePUOTYyD wNtTUOUTUTE “ZuI QOT epPIzZeIqIOI0;YDoIpAy :asop Areq , 


ct 0OL |79 |9 |S 
Set TESZ |STSZ | ST | eT 
OFT |OTT/00Z\0097 |F88z | LT | 8 
OTT | O8/OLT\6LIZ |6¢zZ | ZZ | FT 
SET \OTT/S6r\Szoz |sooz | TT | ¢ 
6IT | 96/F9TIL6LE |699¢ | TZ | ZT 
O€T |OZT/OSTIPO8E |T8SE | TT | OT 
SET |SOT/O6TIEELT |SH8T | FT | F 
ZST |OZT/9TZ|L01Z |9F07 | ZT | LT 
LZ7U |OOT/Z8T\9F8T |EZZT | LZ | OZ 
€ZT \OOT/OLT\ZTST S007 | SZ | ET 
SFT |SET/SLT\L87¢ |TPZE | FZ | LT 
O9T |SZI/OEZ\OFET |ETEZ | OT | 6 
ZIT | 86/OFTISE8Z \ZS87 | OT | OF 
SFI |OTT/SZz\06EZ |TETZ | ZT | ST 
€FT |STT/00Z|88Sz |F997 | FZ | OT 
‘pg BV | Pa | UV | Pa 
(@y | _ a 

“uur 3 “wu “TUL 
Tu eG |} -bgay one 
ued mL NOG 


69'0 |r 0 F =F IF S ce |'' 7% |L0°0 |90°0 
OF'F |\ZE'P |SET J9ET |ZOT \EOT 16°97 |Z LZ \6E'L 6E ZL 
CLE \€F'P PET SET 186 POT |T 22 |0' LZ \6€ LZ OFZ 
ZS°S |S8°F |8ET |TET |90T |SOT |2°S% |6°SZ |ee°Z |LE°L 
HOF 106° |9ET |LZET |LOT |SOT |S €% |LZ°€@ |SE°L VL 
69°S |9L°H \SET \FFT |ZOT [601 |T°L2 [8°72 |SP'L OE LZ 
€£0'F |09'F |8FT |SET |TOT |SOT (0°LZ |0'8Z |Sh'L |SE°L 
€8°€ |9€E'H |LET |VET 66 |€OL |T OE jE Le |OF'Z |9E°L 
69°F |89°F ICET |LET |POT JEOT |T°9Z 8°27 LE ZL SEL 
19°F |LT'P OPT |Z2T |LOT POT |8°72 |E Sz |S¢ ZL |Sh'Z 
7S°€ |9E°E JOET |TET |OOT |ZOT P92 |E 872 jee ZL [DEL 
SS°€ 106°E |LET ILZET 186 (66 |8°7Ee IZ TE |TP'L jee £ 
ZO'F |00'F |8ET |9ET |OOT [€OT |F SZ (0°92 |TE ZL |FEe'L 
66°¢ |LO°F |OPT |8ET |96 [68 {EEE ISTE |Ph'L joe L 
88° |98°F |OFT |TFT |9OT [SOT |T 97 j€°St PSL SFL 
cO°S |09°F |ZET SET SOT |ZOT |Z°€Z |0°62 \67°L 6 L 
WV | Pa | UV | Pa] UV) Pal] UV | Pa] Uv | Pa 
CV bam) | (1 baw) | (1/ baw) | (1/bqur) (1/"bqu) 
43M wmisg § | BN umes) _[D wmsasg | OOH umies}; W¢ uMIaS 


LST |£°St 
O°SL |€°9L 
0°89 |2°0L 
7°69 |T OL 
89S je LS 
6 TTTO°OL 
T'S8 |£°06 
6°09 |9°99 
TSS j6°Ss 
6°ES |T FS 
O°LL 0°18 
7°06 |8°726 
T°S8 |8°98 
L°6L |8°LL 
Tvs LVL 
VSL |L°6L 
WV | Pa 
(34) 
74319 


~SAVQ 8Z OL ACIMOTHD WAINOWNY HIIM YAHLAOOL ACIZVIHLOAOTHOOAGAP AO 
NOILVULSININGY ONIMOTIOT ‘VNACY ON GNV ASVASIQ] FAVAL{ AAISNALAAdMAP HLIM SINGILVG FI] NO SNOILVAUASEO 


9 aIaVy, 


cst | 4 | 6F 
sor; A} Zs 
ect} 4} £E 
sot | W | OF 
SLT | WY Le 
Ost | 4] 2 
8st | A | 8s 
8ST | /a | 09 
cst | A | 9S 
BLT | WY] &F 
OOT | a7} €s 
OLT | W | &F 
SSE t .8/ 1 9S 
Oot | A | TH 
| 2s |g 


‘as 
ueay 


Sclalat ant laleket rte 
Z>asdeeMeea 


43d 


829 


jazines 


iad 


Effects of Benzothi 


. 
. 


Talso & Carballo 


“Aprep “WS oF TOBN snjd Apep “Bur QoT ‘F-¢ ‘ATrep “WS 17 IOeN suid Aprep “Bur QOT “€-7 ‘Ayrep *3ut QOT ‘Z—-T + 
ZI Ist let ltt loge lerZ |Z |Z |6 19 |S9°Oj9L"OlzS°0,0S°09 je je |S |h |S IF ¢ Iza |z°€ |z'% |e°% |€0° |SO° |FO” |TO" |T°OZ |S°O7 |6°02 j£ 07 [hs 
LTT SET 6ZT|FZT|OLZZ|OFET OTILT\9T ZT, 98°£|09 E16S “€|6E F\ZFT LET |GET |SET|ZOT|OOT OOTIFOT £°SZ|F°8Z,O'SZIS OTE LIFP LIOP LISE LIF EL |TEL |T EL sel uve 
OFT OSTILOTIEZT|FOGTIZL61/9 |9 16 |€ |ZZ°E|Z8°T/Z9 7,06 C|EET FET |FET|LET|SOT| LOT 66 SOT IT 9ZISETIZT LZIL ETOP L OF LIZPLISE LIL LS |T°8S jL°Ss |S 9s bs § a Le WI 
SETIEZTILET OZTITSSTITSTZISTIOL FEET |F9 PIES “7/87 E/O8 F/LET/CETILET OFT |TOT|06 |£6 66 |T6ZIE Sele TElZ SZ\FF'LI6E LISS LI9E°L|9°£6 |9°16 |b °C6 \P F6 OST A PE ‘Ha 
OLTSETOZTOETITITZISOTZISTISTIZZIFT ILE FITS “F/S6 E|S8 PIETIEET |FET| TET |OOT| TOT |L6 SOTIE'SZIZLZIT LZ|6 SZIZFLITS LILELIPEL|Z°89 |9°L9 |€°L9 |E°L9 cot A Ls “AT 
ELT ESTIEFTILZT|ZO9SITOOEILTIZT\6 ZT SP FEE EILZ HIOL PIOETISET/LET|FHT|OOT 66 |TOT GOTILSZ\TOS|L°67/8° FOF LTP LI6E LIES LIO-ETT| STL OTT|T PIT) SOT Ww OF “VM 
ELTILETIOST/EFTISZSTISFRTIETIST OTD [FE F/SE FSF L/9E “FOF |GET \ZET SET | TOT TOT 86 [€OTIEOS|F9ZIZ SZIELZISFLIGELI6ELISE*L|T°99 |8°P9 |6°F9 |L°S9 ost aA 79 8 ia: § 
ZTELZT\OST/OZT|SOLTIOFOZILE|LT\ET/ZT|SO' E00 |FL°€)89 FIOFT|SETIEETILET|96 |F6 FOTIEOTIP OF|9°ZEIS 9ZIS°LZILEL/6S “LI6E LIES" L|8°OS j9°OS |L°ZS |B es gst a gs am: inc & 
OZTIOZTISITOZTIZIOEIETOES/LTITTIZTJOTI9L € OT FiOS €|09 F/SHT OFT |ZFT SET |60T |SOT| TOT SOTIT’8Z/8°9ZIE°SZ\O'SZIOF LI6FLITFLI9ELIS°6L |T°O8 |T°8L |9°OS SLT Ww Le “HM 
60T/LOT/LTT\ZOT|S96T|9FSTIZE OF |9E|0Z|FO'F|89 °F, 07 PILE F|SFT/OET|SET|LZT SOT | POT |SOT FOTIL EZITOZIO'ETIT'STIPP LILA LIGPLISELIO PS [TFS |T'PS |F PS gst A 09 ‘HL 
SETIZFTILET|LZT|TISTIZIST OT IZIZZIET\E6 ZILE E67 E|VEE|SPTIOFTIEETITET|66 |66 86 |LOTIL 6Z|\F 6Z/E6ZIT SZILP LIE LIGE LIFE L 6°SL J0°9OL |6°SL |O°LL Sst a 9¢ ‘Nd - 
pletad gd gop te Hlelehtyemalealt SM ob] Reel tal PEM kel Bele Meatete Mee: 1 STON Wt Sea hae ele eee es ceeRe Oe ni ene na eaceee ln 
‘daw ces NO +4 uMNTaS 42 N WNIIS -[D wmias —OOH WMIes H¢ umias (34) 74319 MW 
SAV FI AOL 
y ACIZVIHLOWOTHOONGA FL HIIM LINAWLIVAA TL, ONIMOTIO NY ‘VWnaay ON GNV dSVasSIq, LAVA TAISNALAAIA HL HIIM SINTIIVG 6 NO SNOILVAYESAO 
Q ATAV EL 
‘SN OF! Sek VSN 6— OFT | “SN Soe THT | “S'N i= Set |100'0>| 6t—| Tst | @H WH) aaWw 
SN OI+| stsz] ‘S'N rr—-| Pesz| “SN gse+}] ¢98z| “SN e+ OSSz| “S'N 8t+| $692 Le ad 
ar 
szo'O>| St | ost PSN |. SE] oor | CSNY OF 6b CN eae gn ee oot/"3u1) NN@ 
“SN |80°0+ |z¢'F ‘SN |77°0— [99°7 ‘SN |ZL'O— |OF'% |100'O>|6S°O— OFF  |100°0>|09'0— \zr'r C1/ baat) 1 
‘SN (be 91 | “SN 0 OFT | “SN T+ wl SN 0 Let | ‘SN Foie THT (1/ baw) 4eN 
‘SN t— ¢0OT | ‘S'N fe POT |100°0>| S— | POT |100;0>| F— SOT |100°0>| 9- ZOT (1/'bau) Oo 
‘SN | e°70— | Z'Zz |so‘o> | 4°z7+ | $'9% | “SIN | 23+ | S*Le |S20°O>| 6 T+ | ¥'92 |100'0> eet | wuz | Ci/bamt) OOH 
‘SN 0 (\6E°ZL ‘SN |70°0+ 9¢°L "SN |¥0'0+ 9¢°4 |100°0>|s0°0+ |Z€°L  |100'0> 10°0+ |¢e°L (1/ baw) H¢ 
oN Pe tT— | 19g) °SN | ¢°0— "| OTS 4 “SN 6 0— 16 89 IN SNe PS 0 f BeOk i aN eee (34) VSIA 
d v Tenruy d Vv yeu d Vv Tent d Vv yentuy d v Tena 
. painsvaul afqulie A 
Ajrep "w3 0'T [OFHN suid Ajvep w3 9°0 [OM snd Ajrep ‘ww 9°0 [OM suid Aep/-sur Aep /*3ur 4 
“Bul QOL epizerypo10[yoapAP | “Sur OS apizeryjor1o;Yyoo1pAyy | “Sur OOT apizeyjo10[yoipAy | OT eplzeryjounporpAzueg 


9 Nonowin Z SHAN, ROME vuVE 40 xu¥ 


OOF epizeryzor0;yoorpAH 


Annals New York Academy of Sciences 


830 


us 
‘SN 9- S$ 
‘SN = ES, 
‘SN 97°0+ Ss 
$0'0> c+ | $zO 
‘SN ine > 
‘SN L0= $ 
‘SN TO'O— | 100 
‘SN €°0+ 'S 
d t-£V d 
Aep/uis oF 


TORN snjd “Fur OF apIzeryor0[YoopAH 


AG AAG A444 


0L— 9PET 
er ‘SN t+ ‘S'N 6+ ‘S'N nt $21 
+ ‘S'N i: ‘S'N or ‘S'N b+ ai 
Esc Os ‘SN TO'O+ | $20°O> | 64°0— | $00°0> | 08°0— | 6¢°F 
he ‘SN cr ‘SN on SN 0 Set 
(bee ‘S'N 0 ‘SN %— | $20';0> aa FOr 
S i+ ‘SN v'0+ ‘S'N 6 T+ ‘SN Meg ¢°9¢ 
80°0+ ‘SN +0'0+ | 100°0> | 60°0+ | S00°O> | SO°O+ | SE°Z 
hiO= ‘S'N 0 ‘SN £0- SN £0 8°eL 
t-1V d eV d e-1V d v Tentuy 


Aep/*wd 17 JON 


Aep/*3ur 
snjd ‘Zur OO, epizetyzo10[yoompAy, 


OOT epizerqjo10[ yI01pAH 


(34) 143M 


peinseour a[qelieA, 


§ AIAV], WONT VIVG {0 AAVWWAS IVOLISILVIS 
6 T1AVvL, 


Oe ye 


Talso & Carballo: Effects of Benzothiadiazines 831 


minor variations in weight occurred in each of the groups studied, none of these 
weight changes were statistically significant and there were no significant dif- 
ferences between the various programs of therapy. 

Serum pH. The mean value for serum H increased significantly in the 
groups of patients treated with hydrochlorothiazide or with benzydroflume- 
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FicurE 1. Effects of hydrochlorothiazide, 100 mg. daily, on the mean serum (HCOs), 
serum /H, serum (Cl)~, serum (K)*, and exchangeable potassium (K®). The horizontal 
lines represent the standard deviations. 


thiazide alone (P < 0.001). When potassium chloride in a daily dose of 0.6 
gm. was administered in combination with hydrochlorothiazide in a daily dose 
of 100 or 50 mg., a slight increase in the mean value for pH occurred, but this 
increase was not statistically significant. In the group of patients receiving 
100 mg. hydrochlorothiazide, together with 1.0 gm. ammonium chloride daily, 
no change in the mean value for pH occurred. The daily administration of sup- 
plementary sodium chloride in doses of 2.7 and 4.5 gm. in combination with 
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100 mg. of hydrochlorothiazide did not significantly alter the anticipated in- 
crease in pH that occurs with hydrochlorothiazide alone. 

Serum bicarbonate. A statistically significant increase in serum bicarbonate 
concentration occurred in the groups of patients receiving either hydrochloro- 
thiazide or benzydroflumethiazide alone (P < 0.001). When potassium chlo- 
ride in a dose of 0.6 gm. was administered in combination with hydrochloro- 
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Ficure 2. Effects of benzydroflumethiazide, 10 mg. daily on the mean serum (HCO;)-, 


serum pH, serum (Cl)~, serum (K)*, and exch bl tassi EB), i 
lines represent the standard nae RT Se 


thiazide in a daily dose of 100 mg., the change in mean serum bicarbonate 
concentration was not significant. However, when 0.6 gm. potassium chloride 
was administered with 50 mg. hydrochlorothiazide, the change in serum bi-_ 
carbonate was significant at the 5 per cent level (P < 0.05). Ammonium chlo- 
ride in combination with hydrochlorothiazide caused a slight but statistically 
insignificant decrease in the mean serum bicarbonate concentration. In the 
group that received supplements of sodium chloride, no significant changes 
in the mean serum bicarbonate concentration were observed. 


Serum chloride. The mean value for serum chloride decreased significantly 
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in the patients receiving hydrochlorothiazide or benzydroflumethiazide alone 
(P < 0.001). In the group of patients receiving 100 mg. hydrochlorthiazide 
together with 0.6 gm. potassium chloride daily, a significant decrease in the 
mean serum chloride concentration also was noted (P < 0.001). No signifi- 
cant changes in the mean value for serum chloride were observed in the group 


receiving 50 mg. hydrochlorothiazide with KCl 0.6 gm. potassium chloride 
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Ficure 3. Effects of hydrochlorothiazide, 100 mg., together with 0.6 gm. daily potas- 
sium chloride on the mean serum (HCOs)~, serum #H, serum (Cl)~, serum (K)*, and exchange- 
able potassium (K®). The horizontal lines represent the standard deviations. 


daily or in the group receiving 100 mg. hydrochlorothiazide together with 1.0 
gm. ammonium chloride daily. In the group of patients that received sup- 
plementary sodium chloride, an initial decrease in serum chloride was observed 
during the period that hydrochlorothiazide was administered alone (P < 0.025). 
With the addition of supplementary sodium chloride in daily doses of 2.7 and 
4.5 gm., the mean value for serum chloride increased slightly and thus modified 
the hypochloremic effects of hydrochlorothiazide administration. : 

Serum sodium. Slight changes in serum sodium concentration were observed 


_ in each group of patients studied; however, these changes were not statistically 
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significant except in the group of patients receiving supplementary sodium 
chloride. In these patients, a significant rise in the mean serum sodium con- 
centration was noted when the daily dose of supplementary sodium chloride 
was raised to 4.5 gm. (P < 0.025). 

Serum potassium. Significant decreases in the mean serum potassium con- 
centration were observed in the groups receiving hydrochlorothiazide or ben- 
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Ficure 4. Effects of hydrochlorothiazide, 50 i 
: ; ‘ mg., together with 0.6 gm. dai = 
mete gultiae on — mean serum (HCO;)~, serum pH, serain (CL) serum (Ky, aeetanee 
potassium (K®), The horizontal lines represent the standard deviations. : 


nia racemes alone (P < 0.001). Slight but statistically insignificant 
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two-week period that hydrochlorothiazide alone was administered (P < 0.005). 
With the addition of 2.7 gm. supplementary sodium chloride a slight rise in 
the mean value for serum potassium was noted, but this value still was signifi- 
cantly lower than the control value (P < 0.025). When the dose of supple- 
mentary sodium chloride was raised to 4.5 gm. daily, the mean value for serum 
potassium increased further and, although it remained below the control value, 
the difference between this final value and the control value was not significant. 
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Ficure 5. Effects of hydrochlorothiazide, 100 mg., together with 1.0 gm. daily ammo- 
nium chloride on the mean serum (HCOs)-, serum pH, serum (Cl)~, serum (K) , and ex- 
changeable potassium (K®). The horizontal lines represent the standard deviations. 


Blood urea nitrogen. Slight increases in the mean value for the blood urea 
nitrogen occurred in all groups except the one receiving 100 mg. hydrochloro- 
thiazide daily together with 0.6 gm. potassium chloride. The increase in blood 
urea nitrogen, however, was not significant, except in the group receiving hy- 
drochlorothiazide together with ammonium chloride (Pe <a 025). 

Exchangeable potassium. Small changes in the value for exchangeable potas- 
sium occurred in all of the groups studied; however, these changes were not 


statistically significant in any of the groups. 
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Mean blood pressure. Small changes in the mean blood pressure were noted 
in the various groups studied; however, a significant decrease in mean blood 
pressure was observed only in the group receiving 100 mg. hydrochlorothiazide 
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Ficure 6. Effects of hydrochlorothiazide. 100 i ec mentary 
: a : mg. daily, and the effects of 
sodium chloride in doses of 2.7 and 4.5 gm. daily, on the tion seruh GHCO)= eens OH 


serum (Cl)~, serum (K)+ F ; é 
the standard ie » and exchangeable potassium (KE), The horizontal lines represent 


Talso & Carballo: Effects of Benzothiadiazines 837 


Clinical. Complaints of muscular cramps or muscular weakness occurred 
in some of the patients, but these did not correlate well with the laboratory 
data. In the patients receiving hydrochlorothiazide alone, electrocardio- 
graphic changes compatible with hypokalemia were noted in only one patient 
(A.L., TABLE 2). These alterations included depression of the junction be- 
tween the QRS and S-T segment, straightening of the S-T segment, and the 
appearance of a “‘U”’ wave. 

Relationship between serum pH and serum potassium. ‘To determine the 
relationship between the serum pH and the serum potassium concentration, 
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Ficure 7. Relationship between serum potassium and fH. 


the values for these measurements were plotted forthe patients receiving hy- 
drochlorothiazide and benzydroflumethiazide alone (FIGURE 7). The coef- 
ficient of correlation for these data was —0.48 (P < 0.001). 


Discussion 


The growing popularity of the benzothiadiazine derivatives in the manage- 
ment of hypertensive disease and in the treatment of various edematous states 
has dictated an increased interest in the effects of these compounds on potas- 
sium metabolism. Early studies demonstrated that, in addition to the diu- 
retic, chloruretic, and natriuretic properties exhibited by these compounds, sig- 
nificant kaluresis also occurred. Such studies generally were extended only 
for short periods of time and, as a result, when significant hypokalemia was 
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observed during prolonged administration of these compounds, it was assumed 
that this reflected frank potassium depletion. Studies performed in our 
laboratory have demonstrated that, although a marked kaluresis occurs during 
the first several days of drug therapy, this kaluretic effect became less pro- 
nounced as therapy continued. Serial measurements of exchangeable potas- 
sium under such circumstances revealed that in many instances the value for 
exchangeable potassium decreased after one week of therapy with benzothia- 
diazine and then returned to pretreatment levels during continued adminis- 
tration of the drug. Despite this, the low values for serum potassium persisted. 
This suggested that the hypokalemia occurring with continued benzothia- 
diazine therapy results from a redistribution of potassium rather than 
from frank depletion. The interrelationship between alterations in extracel- 
lular pH and changes in serum potassium concentration have been documented 
by numerous investigators.* Since one of the metabolic effects of the ben- 
zothiadiazine derivatives is the production of a metabolic alkalosis with an 
increase in serum bicarbonate and in serum #H, it appeared to be of interest 
to evaluate the effects of administering supplementary electrolytes to patients 
receiving benzothiadiazine derivatives. 

In the present study, supplementary potassium was supplied in a dose of 
0.6 gm. daily, which represents 10 to 20 percent of the average daily intake of 
potassium (40 to 80 mEq.). The dose of ammonium chloride was arbitarily 
selected as one that would provide a continuing supply of hydrogen ions, but 
would not induce a significant potassium diuresis. The doses of supplementary 
sodium chloride were chosen because these quantities (2.7 and 4.5 gm. daily) 
represented significant increases in the estimated average daily sodium intake 
of our patient population, which approximates 3.0 gm. daily. 

The results obtained in these studies indicate that, in the doses administered, 
electrolyte metabolism was favorably influenced by the administration of each 
of these supplements. The administration of potassium chloride appeared to 
limit the decrease in serum potassium concentration produced by the adminis- 
tration of benzothiadiazines alone, but it also modified the increases in serum 
bicarbonate and H, suggesting that the effects of potassium supplementation 
act through mechanisms other than simply increasing the body’s potassium 
stores. In the group of patients receiving ammonium chloride, the anticipated 
increase in serum bicarbonate and in pH, as well as the decrease in serum chlo- 
ride concentration, was prevented. Simultaneously, hypokalemia did not oc- 
cur, despite the fact that no supplementary potassium was provided. The 
administration of liberal supplements of sodium chloride failed to influence 
the anticipated changes in serum pH; however, an effect on the serum potas- 
sium concentration was observed, especially with a dosage of 4.5 gm. daily. It 
1s Important to note that the effects of the minute quantities of potassium 
chloride contained in the Thermotabs cannot be evaluated adequately from the 
current data. 

In a recent report, Leibman and Edelman" have demonstrated that the plasma 
potassium concentration is related to the extracellular pH, body potassium 
content, and plasma sodium concentration, in decreasing order of importance. 
The results obtained in the current study are in keeping with the observations 
of these investigators. The coefficient of correlation between the serum pH 
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and the serum potassium concentration obtained in the present studies is com- 
parable to that reported by Leibman. 

In the present studies, since total body potassium remained essentially un- 
changed, as measured by the isotope dilution technique, the level of serum 
potassium concentration appears to be influenced largely by the serum pH. 
Corrections for body potassium content and serum sodium concentration failed 
to improve the coefficient of correlation between the serum potassium concen- 
tration and the observed hydrogen ion concentration, thus suggesting that 
other factors, perhaps related to the effects of the hypertensive state or of the 
drug therapy on the permeability of the cellular membrane, play an additional 
role in determining the serum potassium concentration. 


Summary and Conclusions 


-Lowering of serum potassium concentration of varying degrees has been 
shown to occur in approximately 85 per cent of patients receiving benzothia- 
diazines. In order to elucidate the mechanism by which this hypokalemia 
occurs, measurements of serum electrolytes and exchangeable potassium were 
performed before and after each of the following programs of therapy: 

(1) Hydrochlorothiazide, 100 mg. daily for 28 days (20 patients). 

(2) Benzydroflumethiazide, 10 mg. daily for 28 days (17 patients). 

(3) Hydrochlorothiazide, 100 mg. plus potassium chloride 0.6 gm. daily for 
28 days (10 patients). 

(4) Hydrochlorothiazide, 50 mg. plus potassium chloride 0.6 gm. daily for 
28 days (10 patients). 

(5) Hydrochlorothiazide, 100 mg. plus ammonium chloride, 1.0 gm. daily for 
28 days (14 patients). 

(6) Hydrochlorothiazide, 100 mg. daily with supplementary rations of sodium 
chloride in doses of 2.7 and 4.5 gm. daily for 14 days each (9 patients). 

The analysis of the data obtained revealed that the mean value for ex- 
changeable potassium did not change significantly with any of the programs 
of treatment. With the administration of either hydrochlorothiazide alone or 
benzydroflumethiazide alone, a significant decrease in the mean serum potas- 
sium and chloride concentration accompanied a significant increase in serum 


pH and bicarbonate concentration. When supplements of potassium, am- 


monium, or sodium chloride were administered in conjunction with hydrochloro- 
thiazide, the anticipated changes in electrolyte concentrations were beneficially 
modified. In this role, in the doses administered, ammonium chloride appeared 
to be the most effective and sodium chloride the least effective. The data 
suggest that alterations in extracellular hydrogen ion concentration exert a 
significant effect in producing hypokalemia during benzothiadiazine adminis- 
tration, but that other factors relating to the hypertensive state or to the 
medication also are involved. 
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CLINICAL EXPERIENCES WITH SOME OF THE NEWER 
DIURETICS, ESPECIALLY CHLORTHALIDONE 


R. S. Mach and R. Veyrat 


Clinique Thérapeutique, University of Geneva, Geneva, Switzerland 


This paper presents a clinical and metabolic study of new diuretics, particu- 
larly chlorthalidone,* in relation to normal subjects and patients with edema. 

After observing the effect on sodium and potassium excretion of five normal 
subjects, we studied the diuretic in cardiac and cirrhotic patients who had been 
treated previously with a strict salt-free diet, cardiotonic agents, and other 
diuretics. 

Since it is difficult to evaluate the effect of a diuretic upon patients in whom 
the conditions of diuresis vary from one phase of the illness to another, we 
attempted to determine precisely the situations that prevent diuretic action. 
We were thus led to conclude that there were periods during which the excretion 
of sodium was greatly reduced and the aldosterone excretion greatly increased, 
periods during which the patient was resistant to treatment with diuretics. 

When the patient was unable to excrete sodium, it was sometimes possible 
to obtain the desired effect with certain diuretics by combining them with 
prednisone or spirolactone treatment. 

For the conclusion of this investigation we studied two undesirable effects 
associated with the use of diuretics: the excretion of potassium, causing hypo- 
kalemia when not compensated by a sufficient supply; and changes in blood 
coagulation, which we were able to demonstrate by changes in the thrombelasto- 
gram. 


Materials and Methods 


Our experiment was carried out with 5 normal subjects who were placed on 
a strict salt-free diet for several days, with administration of a fixed quantity 
of 5 or 9 gm. of NaCl every 24 hours, and 120 cardiac or cirrhotic cases during 
the period of water and salt retention. The majority of the patients were kept 
on a strict salt-free diet for a certain length of time and received, with or with- 


- out success, other diuretics. Several of them were observed at different stages 


of their disease, during the period of moderate retention and during the period 
of almost complete retention of sodium, with and without increased urinary 
aldosterone excretion and under hemodynamic conditions that were stable or 
modified by phlebotomy, paracentesis, or modification of the cardiac rhythm. 

Chlorthalidone was administered in a single dose varying from 25 to 200 mg. 
among normal subjects and up to 600 mg. for patients with edema. In several 
cases we gave 200 mg. every 24 hours for 4 days. 

The diuretic effect of the medication was evaluated by balance studies with 
measurement of sodium administered and of the urinary elimination of water, 


sodium, chloride, and potassium. 
In 5 normal subjects and 1 cardiac case with edema, the urinary excretion 


*Hyegroton, G 33182 (3-hydroxy-3-[4-chloro-3-sulfamylphenyl] phthalimidine), supplied 
by Geigy Chemical Corporation, Ardsley, N. Y. 
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of sodium and potassium was measured every 3 hours for 24 hours before and 


48 hours after administration of the medication. 
One normal subject, who received 4 gm./day of NaCl, was studied over a 
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Ficure 1. Effect of 100 mg. of chlorthalidone studied over 3-hour periods in a normal 


patient, G.C., a male 55 years old. Subject observed a strict salt-free diet, but 6 gm. of NaCl 
were administered each day. 


24-hour period for the effects of increasing doses successively administered at 
intervals of several days. 

Repeated determinations of urinary aldosterone were carried out in many 
patients by the Neher-Wettstein method Several determinations of aldos- 
terone secretion were carried out by the Peterson method (Muller ez al.). 
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Thrombelastogram patterns were recorded according to Harter in normal 
subjects dehydrated by a strict salt-free diet, and in patients with water re- 
tention in spite of a salt-free diet and administration of diuretics. 


Conditions of nonresponse to diuretics were evaluated by using various 
diuretics and extensive balance determinations. 
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2. Effect of 200 mg. of chlorthalidone studied over 3-hour periods in a normal 
Meat EK. a male 36 sears’ ld Subject observed a strict salt-free diet, but 9 gm. of 
NaCl were administered each day. 


Results 


Effect of chlorthalidone on normal subjects. Ficures 1 and 2 show the effect 
of a single dose of 100 mg. or 200 mg. in normal subjects. In the hours fol- 
lowing administration of the compound, diuresis increases from 1 ml. to 2.5 
ml./min., while urinary sodium excretion increases from 200 pwEq. to 250 
pwEq./min. Sodium excretion reaches its maximum within the first 9 hours 
and remains increased for another 9 hours. This prolonged natriuretic action 
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is one of the characteristic properties of the drug. It is even more marked in 
patients with severe salt retention. 

Potassium loss, varying from 40 to 75 wEq./min., also persists longer than 
the first day. ; 

Increased urinary CO» elimination, a moderate increase in urinary pH that © 
does not reach the neutral point, and a slight decrease in titrable acidity, as 
well as in urinary ammonium, is also observed. This carbonic anhydrase 
inhibiting effect is quantitatively insignificant and much less than that of 
acetazolamide. 
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Ficure 3. Excretion of sodium and potassium in the urine over a 24-hour period under 
the influence of increasing doses of chlorthalidone. Subject was a normal male, M.P., 25 
years old, who observed a strict salt-free diet with the addition of 4 gm. of NaCl each day. 


Endogenous creatinine clearance is somewhat increased during the first 12 
hours when the diuresis is most massive. 

The normal subject exhibited a relationship between the dose of the diuretic 
administered and the natriuretic effect produced by doses within the thera- 
peutic range (FIGURE 3). Thus a young man receiving 80 mEq. of sodium 
every 24 hours exhibited an increase in urinary sodium of 115 mEq. for a single 
dose of 25 mg. chlorthalidone, 150 mEq. for a dose of 50 mg., 200 mEq. for a — 
dose of 100 mg. and 230 mEq. for a dose of 200 mg. every 24 hours. The 
its sodium increased linearly for a logarithmic increase of the medication 

ge. : 

The dose of 200 mg. chlorthalidone also increased the excretion of urinary 
potassium, which was depleted by more than 50 mEq. a day. 

The effect of chlorthalidone upon cardiac and cirrhotic patients with water re- 
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tention. FicurE 4 shows the marked diuresis produced by a single dose of 
400 mg. chlorthalidone in a hyperthyroid female, 52 years of age, with cardiac 
insufficiency and auricular fibrillation. The 6.7 l. of urine excreted in the first 
day contained 917 mEq. sodium and 128 mEq. potassium. Particularly 
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Ficure 4. Effect of chlorthalidone upon a cardiac patient with edema. The subject, 
$.0., a 52-year-old female, suffered from hyperthyroidism and congestive cardiac insuffi- 
ciency. A strict salt-free diet was observed. 


remarkable was that this enormous diuresis did not result in a rebound phenom- 
enon on the following day; on the contrary, the diuretic action was extended, 
and for a period of 3 days produced elimination of 1600 mEq. of sodium and 
280 mEq. of potassium. The total weight loss was 12 kg. 

We frequently observed that sodium diuresis was extended for several days 
after administration of a single dose of chlorthalidone. 
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Several patients received the same dose of 200 mg. chlorthalidone for 3 and 
4 days in succession. The drug was well tolerated, and we observed that the 
diuretic effect persisted as long as water retention continued. However, we 
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found it preferable to space the administration of the diuretic to take advantage 
of the prolonged effect of the medication on subsequent days. : 
FicurE 5 shows the effect of administration of 200 mg. chlorthalidone in a 
decompensated hypertensive patient with congestive cardiac insufficiency. In 
spite of rest, a strict salt-free diet, and cardiotonic agents, this patient a 
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only 6 mEq. of sodium every 24 hours, or 4.2 wEq./min. The natriuretic effect 
was observed within the first 3 hours following administration of the medication, 
and was prolonged over 48 hours with a maximum after 18 hours. The potas- 
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Ficure 6. Mean data from four cases, comparing the effects of chlorthalidone and a 
mercurial diuretic. All subjects observed strict salt-free diets. 


sium effect also exceeded 48 hours. This patient excreted 325 mEq. of sodium 
and 134 mEq. of potassium in 2 days. 
This prolonged diuretic effect is opposed to that observed for mercurial 
diuretics. We administered successively to four edematous patients the two 
kinds of diuretics, at intervals of at least one week: either 200 to 600 mg. of 
chlorthalidone per os to start and, one week later, 1 or 2 ml. of mercaptomerine 
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subcutaneously, associated with ammonium chloride acidification, or the same 
drugs in reverse order. ‘Two ‘patients received first the injection of the mer- 
curial diuretic, and two of the patients received first the chlorthalidone. The 
means of the results, shown in FIGURE 6, indicate that the mercurial diuretic 
produces a very high sodium diuresis on the day of administration, but that © 
its action is very rapidly exhausted. The weight loss of the first day is not 
maintained. The chlorthalidone causes a less pronounced sodium excretion, 
but its effect persists for several days, with the consequence that the total 
elimination of sodium over a 5-day period is more significant. 

The excretion of potassium is less pronounced on the first day with chlorthali- 
done than with the mercurial diuretic, but it is prolonged for several days. 

In another group of experiments we studied the effect of chlorthalidone upon 
two patients with diabetes insipidus. It is known that a saluretic diuretic, 
when administered in association with a strict salt-free diet, temporarily re- 
duces the polyuria of such patients.* Administration of 200 mg. of the medi- 
cation resulted in urinary excretion of 233 mEq. of sodium on the first day, 
and 87 mEq. on the second; diuresis decreased from 5S to less than 3 1., and the 
patient spontaneously declared that he felt much less thirsty (FIGURE 7). The 
osmolarity (mOsm./1.) of the urine increased not only on the day of adminis- 
tration of the diuretic, but remained above 150 mOsm./l. for 3 days before 
decreasing again. This again illustrates the prolonged action of the diuretic. 

The administration of 200 mg. chlorthalidone to another patient with diabetes 
insipidus resulted in an analogous reaction. 

Conditions of nonresponse to diuretics. To estimate the value of a diuretic it 
is necessary to be able to study it under comparable conditions; it is very dif- 
ficult to define precisely the state of receptivity of the patient to the diuretic 
in view of the numerous factors involved, such as myocardiac condition, hemo- 
dynamics, renal function, and hormonal secretions. 

Study of previous quantitative determinations (R. Veyrat and his co- 
workers''*:*) brought us to the conclusion that it is the degree of urinary sodium 
elimination that makes possible a better evaluation of the stage of the patient’s — 
illness and his ability to respond to diuretics. When the patient, under the 
most favorable conditions, excretes less than 5 mEq. of sodium per day, it is 
fairly safe to predict that the diuretic will have little effect. In other words, 
before the intervention of the medication, the sodium excretion in itself is one 
of the best prognostic elements concerning water retention and its remedies. 

Ficures 8 and 9 show the means of urinary excretion obtained with the same 
dose of diuretic administered to patients on a strict salt-free diet, grouped ac- 
cording to the quantity of sodium contained in the urine 24 hours before ad- 
ministration of medication. We found in cardiac as well as in cirrhotic patients 
that in all cases where sodium excretion exceeded 10 mEq./day, whatever the 
previous diet, elimination of the edema was easy. When the urinary sodium 
was between 5 and 10 mKq., the diuretic effect was less spectacular; when the 
urinary sodium was reduced to 1 or 2 mEq./24 hours, edema was very difficult 
to eliminate. Even with increased doses of the medication (FIGURE 10) some 
patients were completely refractory. 


It is important to take into account the initial urinary sodium in order to 
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evaluate a diuretic medication. The effect of the medication and the prog- 
nosis of the disease can be deduced from a difference of a few mEq. of so- 
dium in the 24-hour urine. 
Among the patients of the third group, who did not react to the diuretic, we 
tried to determine whether the very low urinary sodium corresponded to an 
increase in urinary aldosterone values according to the studies of Luetscher’ 
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Ficure 8. Mean diuresis produced in 20 cardiac edema cases with the admini i 
: s ministration 
of a single dose of 200 mg. of chlonthakaune to each patient. The cases are grouped accord- 
ing to the initial natriuria values. All the subjects observed strict salt-free diets. 


and others.®:9-10 This was, in effect, what we found, but with urinary aldos- 
terone values varying considerably from one patient to another, it was less the 
value itself that conditioned urinary retention than the variations within the 
same patient. Ficures 11 and 12 show the ineffectiveness of a diuretic ad- 
ministered to patients with much reduced sodium excretion, with 25 pg. and 
40 yg. urinary aldosterone every 24 hours and a secretion rate of 1065 pg./24 
hr. FIGURE 13 shows an important increase of urinary aldosterone in a patient 
following paracentesis and the total ineffectiveness of the diuretic at that time. 
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All the factors that disturb the hemodynamics of a cardiac or cirrhotic pa- 
tient—physical effort,!° orthostasis," and paracentesis—contribute to the in- 
crease in secretion of aldosterone and to the ineffectiveness of the diuretics. 

All the intervening factors that improve the hemodynamic situation—rest, 
cardiotonic agents, a strict salt-free diet, diuretics, phlebotomy, correction of 
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Ficure 9. Mean diuresis produced in 15 cases of cirrhosis-with-ascites by the administra- 
tion of 200 mg. of chlorthalidone to each patient. The cases are grouped according to the 
initial natriuria values. All the subjects observed strict salt-free diets. 


disturbances in cardiac rhythm, and improved oxygenation of arterial blood*— 
are capable of lowering the aldosterone and facilitating improved sodium elim- 
ination. ; 
Fricure 14 shows the evolution of aldosteronuria in a patient with chronic 
pulmonary heart condition and extensive edema, who was from the beginning 
résistant to therapy. It was not until artifical respiration with the Engstro6m 
respirator was attempted that the aldosteronuria was lowered and diuresis 


commenced. 
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All sodium retention and all failure to respond to diuretics cannot be ex- 
plained by increased aldosterone secretion alone. As the cardiac muscle be- 
comes completely deficient and the glomerular filtrate is excessively diminished, 
or when there is a nephropathic component, diuretics are no longer effective. 
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musty oar rena Montag Hot oe with a large single dose of chlorthalidone, adminis- 
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It is Important to understand the role of aldosterone in the salt retention of 
cardiac and cirrhotic patients before using medications to eliminate this hyper- 
secretion or to inhibit its action, on the one hand, and to avoid, on the other 
intervening factors that would increase it, ; 

Resistant edemas and their treatment with prednisone or spirolactones. In 
certain cases of edema that were resistant to treatment! with diuretics, even in 
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*Ficure 11. Ineffectiveness of the diuretic in a patient, A.L., a 55-year-old female, with 
low initial natriuria and high aldosterone secretion. Subject, who observed a strict salt-free 
diet, suffered from refractory congestive cardiac insufficiency. 


854 Annals New York Academy of Sciences 
Hydrochlorothiazide 
100 mg/day 


Body-weight kg. 76 


Urine volume 2000 ! 
ml/24 he 1000 
0 


! 
PlasmaNa 150 | | 
mEq/l. l | 

| 


I 
Urinary Na 50 | | 
mEq/24 hr. 
te) 


Aldosterone 35 
pg 24 he 


PlasmaCl 100 | | 


mEq/t I 
Urinary Cl 90 IY 


mEq/24 he. 
| l 
Plasma K 4 
mEq/L cae TTT 
Urinary K 150 3 | 
mEq/24 hr, 
z 100 
50 
0 


Le orn ao a pees a or cee re | 

Days 12 3 4 5.6 7.8 9,10 
Ficure 12. Ineffectiveness of the diuretic in a patient, E.N., a 66-year-old male, with 
low initial natriuria and high aldosteronuria. Note the high potassium excretion and slight 


Chae ri kas Patient, who observed a strict salt-free diet, suffered from chronic cor 
pulmonale. 


y f 


, > =A 


ees ee 


Mach & Veyrat: Clinical Experience with Chlorthalidone 855 


large doses, we attempted to combine administration of diuretics with a form 
of therapy capable of making them effective. 

In numerous cases, natriuresis was increased by prednisone alone. In other 
cases, this drug reestablished effectiveness of a diuretic that had become in- 
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Ficure 13. Ineffectiveness of a single dose of the diuretic in a patient, H.J., a 56-year- 
old male, following tapping of ascites, which increases aldosteronuria. The subject, who 
observed a strict salt-free diet, suffered from Laennec’s cirrhosis. 


active when administered alone (FIGURE 15). We have observed repeatedly 
that urinary aldosterone values decrease when prednisone is administered. 
A particular place should be given to compounds that are capable of in- 
hibiting aldosterone secretion or action. In this respect, spirolactone can be 
considered the most effective.“ As shown in FIGURE 16,a cirrhotic patient with 
ascites, who did not respond to chlorthalidone, mercaptomerine, and spirolac- 
tone when given alone, responded with a massive sodium diuresis toa combina- 
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tion of spirolactone and chlorthalidone, despite severe hyperaldosteronuria. 
Secretion of aldosterone was not decreased. Its action at the tubular level 
was, however, reduced. Due to the mechanism of homeostatic regulation, 
variations in urinary aldosterone excretion are difficult to interpret in this pa- 
tient. 

Untoward side effects of the new diuretics. With more than 500 doses of 
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chlorthalidone given to more than 120 patients, we did not observe any signs 
of drug intolerance that could be attributed to the diuretic, such as cutaneous 
allergic reactions, changes in the blood counts, or urinary sediment or changes in 
hepatic or renal function. We found an increase in neither the blood creatinine 
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Ficure 15. ecuittence*of the effectiveness of a diuretic, hydrochlorothiazide, used in 
conjunction with prednisone treatment, in lowering of aldosteronuria. The patient, F.W., a 
56-year-old male, suffered from chronic cor pulmonale and observed a strict salt-free diet. 


level nor the blood urea nitrogen level following administration of the drug. 
In one patient, a brief episode of diarrhea coincided on two occassions with 
administration of chlorthalidone. 

We must stress, on the other hand, the potassium loss caused by the use of 
ditretics, which can have undesirable consequences that are related to the 


appearance of hypokalemia. 
The urinary excretion of potassium is of the order of 150 to 250 mEq. for 
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three days following a single dose of the diuretic. It is therefore necessary to 
be cautious when repeating this therapy several times with patients who do 
not eat well and, therefore, cannot compensate this loss. 
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Ficure 16. Effect of 
with Laennec’s cirrhosis. 
regains its effectiveness. 


It is also important to remember, as studies with Ky: have shown (C. Nagant 
de Deuxchaisnes e¢ al.!2), that cardiac and cirrhotic patie 


nts, particularly women, 
have a very reduced reserve of potassium, at times as little as 1300 mEq. One 
can imagine the effect of potassium loss when such patients receive a diuretic 
twice a week without potassium supplements. 
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Ficure 17. Accentuation of hypokalemia when the diuretic is administered without a 
surplus of potassium to a cirrhotic, G.C., a 56-year-old female. The patient, suffering from 
Laennec’s cirrhosis, had a total body potassium reduced to 1450 mq. << 
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Ficure 17 shows an example of hypokalemia in a woman with sei and 
ascites, whose potassium reserve was reduced to 1450 mEq. Prophylactic 
treatment with excess potassium prevented a new fall in kalemia. : be: 

The potassium loss, although very poorly tolerated by cardiac patients with — 
rhythmical difficulties or those sensitive to digitalis, is not a contraindication 
to the administration of diuretics, since it can be remedied by the introduction 
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Ficure 18. Effect of the diuretic in a normal subject, M.G., a 28-year-old male who ob- 
served a salt-free diet. The subject experienced dehydration from lack of salt and a change 
in his thrombelastogram. 


of potassium into the diet and by administration of sufficient doses of potassium 
chloride. But it must be considered in these cases. 

In cases where prolonged administration of diuretics is employed when there 
is no water retention (mainly in hypertensives), or where the diuresis produced 
is too abrupt, the patients are exposed to a danger whose primary manifestation 
is a tendency to thrombophilia; we were able to confirm this with the throm- 
belastograms. It is, therefore, wise to administer an anticoagulant in cases 
where very intense diuresis is anticipated. 1 

Ficures 18 and 19 show the effect of high doses of diuretics upon normal sub- 
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jects maintained on a strict salt-free diet. We see here a dehydration resulting 
from lack of salt with hyponatremia, hypokalemia, hypochloremic alkalosis, 
hyperproteinemia, and an increase in the hematocrit reading, which is accom- 
panied by changes in the thrombelastogram. The curve is located entirely 
within the zone of hypercoagulability because of the shortened reaction and 
coagulation times and the amplitude of the curve. 
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Ficure 19. Change in the thrombelastogram produced by a loss of salt in a normal 
patient, B.M., a 55-year-old female. 


Conclusions and Summary 


(1) A single dose of chlorthalidone, administered orally, caused an elimina- 
tion of sodium and chloride in approximately equal quantities, in five normal 
subjects. Two hours after administration, the sodium diuretic effect appeared 
and, although it was most pronounced during the first 12 hours, continued for 
more than 24 hours. The duration of action of chlorthalidone is clearly longer 
than that of chlorothiazide. The logarithm of the dose plotted against the 
sodium excretion gave a straight line. With high doses of chlorthalidone po- 
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tassium excretion was also increased, but the Na: K ratio remained high. The 
urinary excretion of bicarbonates increased slightly, and the pH of the urine, 
although increased, did not reach neutrality, thus suggesting an inhibition of 
carbonic anhydrase. ail 

(2) In 120 edematous patients with congestive heart failure or hepatic cir- 
rhosis with ascites, a single dose of chlorthalidone (100 to 600 mg., but usually 
200 mg.) had, in general, a marked sodium diuretic effect. The cumulative 
balance studies showed that a single dose of chlorthalidone can produce a 
greater sodium diuresis than an injection of a mercurial diuretic. In addition 
the sodium excretion continued for several days and the edema was eliminated 
gradually. pees 

(3) It was shown that the response of an edematous patient to diuretics can 
be predicted from the urinary sodium level. If the initial sodium excretion 1s 
high, the response is satisfactory; if it is low, the response is very much smaller. 

It is very important to pay special attention to the initial spontaneous so- 
dium excretion in order to evaluate the efficiency of a diuretic and to compare 
similar cases. 

(4) The excretion of aldosterone was determined in patients who did not 
respond to diuretics and in whom the initial urinary sodium was very low. In 
the absence of renal disorder, the failure of patients to respond to diuretics 
corresponds to an elevated urinary aldosterone. In such patients improve- 
ment of hemodynamic conditions or correction of severe anoxemia may decrease 
the secondary hyperaldosteronism and thus lead to a better response to diuretic 
agents. 

(5) In cases of refractory edema, improved response to diuretics has been 
observed following treatment with prednisone or spirolactone. 

(6) The undesirable side effects of these diuretics were also studied, particu- 
larly the thrombophilic tendency with a decreased reaction time of the throm- 
belastogram. 
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STUDIES ON THE METABOLIC EFFECTS OF 
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INTRODUCTION 


The treatment of certain patients with edema or ascites has been unsatis- 
factory in the past because of the frequent failure to induce a diuresis and the 
depletion of potassium when satisfactory diuresis has been obtained. At- 
tempts to solve this problem have resulted in the development of new diuretic 
compounds for both therapeutic trial and investigations of the mechanisms of 
edema formation. 

It has been shown that the ability of normal persons to conserve sodium in 
the presence of sodium deprivation is at least in part dependent on the secretion 
of aldosterone by the adrenal glands.'* Although aldosterone is important 
in renal sodium retention and increased potassium excretion in man,*” its exact 
role in the pathogenesis of edematous states is not clear. Conn and Louis® 
first reported the clinical entity of primary aldosteronism, and secondary hy- 
peraldosteronism has been reported in patients with cirrhosis, nephrosis, con- 
gestive heart failure, and idiopathic edema.!’*!* The importance of a sub- 
stance that would inhibit either the secretion or the action of aldosterone was 
apparent. Recently steroid chemists have developed a new series of compounds, 
the 17-spirolactones, which inhibit the action of aldosterone presumably by com- 
petitive inhibition at the renal tubular level.!*"7 This is in contrast to those 
substances that can produce natriuresis by inhibition of adrenal steroid syn- 
thesis.’89 The spirolactone SC 9420 (spironolactone) is the first such com- 
pound to be effective when taken orally. 

The studies by Liddle demonstrated the antialdosterone activity of spiro- 
nolactone in edematous human beings.” These findings have been confirmed 
and extended in patients with cirrhosis’! and congestive heart failure.” | | 
Clinical studies have further demonstrated the effects of spironolactone in 
combination with other diuretics. When spironolactone is used in combina- 
tion with other diuretics, its natriuretic effect may be more than additive and — 
it decreases the potassium excretion often seen when organomercurials, chloro- 
thiazide, or benzothiadiazine diuretics are used alone.!7 20:2 

The present report will describe studies designed to assess the metabolic 
effects of spironolactone given orally for 3 to 12 days to 12 patients with fluid 
retention. Most of these patients either responded poorly or did not respond 
to other diuretic agents and were selected on this basis. 


* The investigation reported in this paper was supported in 
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MATERIALS AND METHODS 


Twelve patients were studied on the medical wards of either the University 
Hospital or the Birmingham Veterans Administration Hospital. All patients 
had ascites or edema, or both, and were placed on controlled sodium diets; the 
following parameters were studied: body weight, serum sodium and potassium 
concentration, and urinary sodium, potassium, 17-hydroxycorticosteroid, 17- 
ketosteroid, aldosterone, and creatinine levels. 

Three patients had ascites secondary to hepatic cirrhosis, four had edema 
secondary to congestive heart failure, and three had idiopathic edema without 
hepatic, cardiac, or renal disease. One patient had edema due to metastatic 
carcinoma of the prostate and one had diabetes, with anasarca secondary to 
Kimmelstiel-Wilson’s disease. All patients received spironolactone orally for 
3 to 12 days in doses of 100 mg. every 6 hours. Urine samples were collected 
without preservative from 7:00 a.m. to 7:00 a.m. and kept refrigerated. 

Urinary aldosterone levels were determined by a modification of the chemical 


_ procedure of Nowaczynski et al.’ Normal values for this laboratory range 


from 2.3 wg. to 13.6 ug./24 hours, with a mean of 6.4 ug. for normal subjects on 
unrestricted diets. 

~ Creatinine levels were measured by the method of Clark and Thompson.” 
The urinary 17-ketosteroids were extracted by the method of Drekter ef al.?° 
and colorimetry was performed as in the procedure of Holtoroff and Koch.”® 
With the use of this method in our laboratory, normal values for males range 
between 8 and 24 with a mean of 15 mg./24 hours. The 17-hydroxycorticos- 


 teriods were determined by a modification” of the method of Reddy.” Normal 


values for males in our laboratory range from 1 to 11 with a mean of 5 mg./24 
hours. 

In order to eliminate the effects of minor inaccuracies in the timing of urine 
collections, each patient’s urine values were corrected according to the average 
creatinine content of all of his specimens. In all cases, the corrections were 
small, and where the creatinine levels were so low as to indicate obviously 
faulty collections, the values were discarded. Blood ammonia levels were 
determined by Conway’s microdiffusion technique.° 


OBSERVATIONS 


Hepatic Cirrhosis 


Patient 1 (W.R.J.). A 53-year-old white male was admitted to the hospital 
for therapy of ascites and edema. His history was compatible with biliary 
cirrhosis in that six years prior to admission he had had nausea, vomiting, right 
upper quadrant pain, and jaundice. A nonfunctioning gallbladder had been 
demonstrated radiographically, as well as a gastric ulcer, which had healed with 
therapy. The jaundice had regressed in two weeks and he had been asympto- 
matic until one year prior to admission, when he had noted mild swelling of 
the ankles and abdomen. Five months prior to admission he had noted pro- 
gressive swelling of the ankles and abdomen and had developed shortness of 
breath. Medical studies at that time revealed a palpable liver, a Bromsulpha- 
lein retention of 20 per cent in 45 min., a serum thymol turbidity of 19 U., and 
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in time of 19 sec. He responded well at first to a high-caloric diet, 
Se ne ae administration of mercurial and chlorothiazide diuretics. 
However, therapy became ineffective in that an adequate diuresis was always 
accompanied by a cloudy sensorium and asterixis, which would disappear when 

jureti discontinued. 

ct eae acl oted man with a distended abdomen, who appeared 
chronically ill. His blood pressure was 120/ 70 mm. Hg, pulse rate 90/min., 
respirations 14/min., and temperature 99 Fe Numerous spider angiomata 
were noted over the entire upper body. There was a fruity odor to the breath. 
No abnormality of the heart and lungs was noted. The abdomen was markedly 
distended and the liver was palpable 6 cm. below the right costal margin as a 
firm smooth mass. The spleen was palpated 1 fingerbreadth below the left 
costal margin. A fluid wave and shifting dullness were easily elicited. The 
testes were atrophic and there was a noticeable loss of pubic hair. There was 
a 2+ pretibial and a 34 ankle edema. The patient’s sensorium was cloudy, 
but there was no flapping tremor. 

The complete blood count and urinalysis gave normal values. The Brom- 
sulphalein retention was 44 per cent in 45 min. Serum transaminase was 149 
Frankey units. The prothrombin time was 15 sec. The serum total protein 
was 10.7 gm. and globulin 7.3 gm./100 ml. The serum alkaline phosphatase 
level was 2 Bessey-Lowry units, and the serologic test for syphilis gave nega- 
tive results. The serum direct reacting bilirubin level was 1.2 and the indirect 
2.15 mg./100 ml. 

The patient was placed on a diet low in protein and containing 30 mEq. of 
sodium, which was continued throughout his hospital course. Attempts to 
diurese the patient with chlorothiazide and mercurial diuretics were unsuccess- 
ful. A paracentesis was performed for relief of respiratory distress and pro- 
duced a typical ascitic fluid without neoplastic cells. 

The response to spironolactone (FIGURE 1) was as follows. The urinary 
sodium levels on the two days prior to therapy were 4 and 2 mEq./24 hours, 
and the potassium levels were 25 and 19 mEq./24 hours. During the adminis- 
tration of spironolactone his sodium excretion rose to a maximum of 95 mEq./24 
hours on the fourth day of therapy and the potassium excretion fell to 8 mEq./ 
total volume. The patient’s weight decreased from 133 to 128 lb. during the 
four days of therapy. His urinary aldosterone levels were relatively constant 
throughout this period. He received no therapy for two weeks after the above 
four-day period of therapy, and control urine values prior to the second adminis- 
tration of spironolactone revealed a sodium level of 8 and potassium level of 
48 mEq./24 hours. On the second course of spironolactone therapy the sodium 
levels increased to an average of 125 mEq./24 hours, two peaks being reached, 
one on the second day and the other on the last day of this seven-day period of 
therapy. Forty-eight hours after the drug was discontinued the sodium ex- 
cretion had again fallen to 15 mEq. while potassium had risen to 50 mEq./total 
volume; however, the patient continued to lose weight during this time. Again 
there were no significant changes in the urinary aldosterone levels. There 
were no changes in the urinary 17-hydroxycorticosteroid levels, but on both 
occasions there was a slight rise noted in the urinary 17-ketosteroid levels. 
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Because of this patient’s excellent clinical response, he was given six subsequent 
10-day periods of spironolactone therapy, each time receiving 400 mg. daily 
orally in divided doses. On each occasion his weight decreased 8 to 10 Ib. and 
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Ficure 1. The effects of spironolactone administration on body weight and urinary 
sodium, potassium, aldosterone, 17-hydroxycorticosteroid, and 17-ketosteroid levels in patient 
1 with hepatic cirrhosis, ascites and edema. 


his abdominal girth decreased from 1 to 2 inches; subjectively he felt much 
improved. There has been no sign of hematological, renal, cutaneous, or neuro- 
logical toxicity. 

Patient 2 (T.S.M.). A 53-year-old white male had the classic history and 
physical findings of cirrhosis of the liver. In August 1957 he had a portacaval 
shunt because of bleeding esophageal varices. He did well for 3 months post- 
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a which he again developed ascites and pedal edema that con- 
Liv ohe nwa ee The patient had no evidence of rate or 
renal disease. He was admitted to the hospital after an episode o °F “ 
from esophageal varices. His blood ammonia level was 1200 pg./100 m : an 
he showed signs of impending hepatic coma. He responded well to a4 ae 
mycin and magnesium sulfate catharsis. His blood ammonia wy to : 
ug. during the first 24 hours and to 184 ug. during the subsequent 2 oa : 
therapy. The patient failed to diurese with mercurial and chlorothiazide 
diuretics and was given spironolactone for 10 days. 
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FicureE 2. No significant change in the blood ammonia levels occurred in patient 2 with 
hepatic cirrhosis, who lost 12 lb. during spironolactone therapy. 


The response to spironolactone (FIGURE 2) was as follows. The patient’s 
body weight fell from 148 to 13914 Ib. during this 10-day period; his blood am- 
monia levels did not change significantly. His urinary aldosterone levels were 
unchanged, and there were no changes in the urinary 17-hydroxycorticosteroids. 
The urinary 17-ketosteroids increased slightly. There was no evidence of 
hematological, renal, cutaneous, or neurological toxicity. 

The patient was readmitted to the hospital approximately five months later 
because of anemia, mental confusion, and recurrent pedal edema and ascites. 
His weight was 146 lb. The patient was given spironolactone for five days, 
and his weight decreased to 138 lb. His blood ammonia levels again did not 
change appreciably, and the only change in serum electrolytes on either occasion 


was a slight increase in the serum potassium during both periods of spironolac- — 
tone therapy. 
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Patient 3(N.Y.). A 43-year-old white female with hepatic cirrhosis, ascites, 
and generalized edema was admitted to the hospital, critically ill as the result 
of bleeding esophageal varices. The hemorrhage was controlled, but the as- 
cites and generalized edema persisted despite diuretic agents. The patient was 
placed on spironolactone for seven days. 

The response to spironolactone was as follows. During the period of therapy 


_ the patient had two severe episodes of gastrointestinal bleeding with peripheral 


vascular collapse. This was treated with blood transfusions and vasopressors 


_ prior to her death. There was no response to spironolactone therapy in this 


critically ill patient, who died 15 days later. 

Comment. In two of three patients with hepatic cirrhosis, spironolactone 
administration resulted in weight loss and sodium and water diuresis. The 
patient who did not respond was critically ill with circulatory collapse. One 
patient received a total of 25 gm. of spironolactone in repeated courses and lost 


~ 8 to 10 lb. and 1 to 2 inches in girth during each period of therapy. There 
_ were no signs of toxicity in these three patients. Blood ammonia levels did 


not change during spironolactone therapy in either of the two patients with 
cirrhosis in whom these were followed. 


Arteriosclerotic Heart Disease 


Patient 4 (W.R.). An 84-year-old white male with arteriosclerotic heart 


_ disease and generalized arteriosclerosis was admitted to the hospital because 
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~ 


of congestive heart failure. On previous hospital admissions he had responded 
well to diuretics and digitalis except for mild residual pedal edema. On this 
admission digitalis was increased until signs of toxicity appeared and diuretics 


-again were given. Although some weight loss was initially obtained with 
mercurial and chlorothiazide diuretics, a moderate pedal edema remained. 


The patient’s body weight had stabilized at 149 lb. 

The response to spironolactone (FIGURE 3) was as follows. The patient was 
given spironolactone orally for five days; his body weight decreased to 140 lb. 
and his pedal edema completely disappeared. Urinary adlosterone levels, 
which before therapy had averaged 14 yg./day, did not change significantly. 
No change was noted in the urinary 17-hydroxycorticosteroids, although again 
the urinary 17-ketosteroids increased slightly. His dyspnea on exertion less- 
ened markedly, and his blood urea nitrogen, which had been 34 mg./100 ml. 


before spironolactone therapy, dropped to 28 with the diuresis. Two weeks 


after the drug was discontinued his weight had again risen to 146 lb. and there 
was a 1+ pedal edema. 

Patient 5 (E.C.V.). A 69-year-old white male with hypertensive cardiovas- 
cular disease and arteriosclerotic heart disease was admitted with congestive 
heart failure several hours after an episode of chest pain characteristic of myo- 
cardial infarction. He was treated for congestive heart failure and myocardial 
infarction and improved somewhat over the next few days, although some 
orthopnea and pedal edema continued. No diuresis was obtained with meral- 
luride, and acetazoleamide therapy resulted in a slight but temporary diuresis. 
A repeat chest film showed clearing of loculating fluid in the right hemithorax, 
thus revealing a mass that was thought to represent a bronchogenic carcinoma. 
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As the patient was no longer responding to therapy, all diuretics were discon- 
tinued for five days prior to spironolactone therapy. 4 em 

"The response iB ansalactate combined with other diruetics (FIGURE 4) was 
as follows. During the period without therapy the patient gained weight: 
from 174 to 180 lb. During the first three days of acetazoleamide therapy he 
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FicurE 3. The effects of spironolactone on body weight, edema, and urinary steroid 
excretion in patient 4 with arteriosclerotic heart disease and edema. 


lost 2 lb. Acetazoleamide was continued, and on the fourth day 1 cc. of mer- 
alluride was administered intramuscularly and the patient lost 2 lb. more. On 
the sixth day spironolactone was added to the program of treatment. During 
the next four days he lost 4 lb. On the fifth day of spironolactone therapy, 1 
cc. of meralluride was again given intramuscularly, in order to combine the 
effects of all three diuretics. The patient lost 7 lb. during the next 24 hours, 
as compared to the 2 lb. lost with each of the other two diuretics without 
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spironolactone. On the fifth day he also developed a severe pruritic maculo- 
papular rash over his entire body. Spironolactone was discontinued, and the 
administration of an antihistamine immediately relieved the pruritus. The 
patient felt much better the following day, although somewhat sleepy because 
of lack of rest the night before, due to nocturia. The rash had almost disap- 
peared during these 24 hours. Two days later he complained of sudden severe 
chest pain and shortness of breath, and died shortly thereafter. 
Post-mortem examination confirmed the presence of bronchogenic carcinoma 
with metastases and the presence of generalized arteriosclerotic changes. 
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_ Ficure 4. Spironolactone combined with acetazoleamide (Diamox) and meralluride 
(Mercuhydrin) in patient 5 with arteriosclerotic heart disease, bronchogenic carcinoma, and 
edema. 


There was no evidence of hematological, hepatic, renal, or neurological toxicity 
to spironolactone. ; 
Patient 6 (J.R.F.). A 94-year-old retired physician with rheumatoid and 
degenerative arthritis and a chronic brain syndrome secondary to generalized 
arteriosclerosis was transferred to this hospital from a nursing home. He had 
slight edema of both feet. His blood urea nitrogen was 19 mg./ 100 ml. 
The patient was on an unrestricted sodium diet and his mild pedal edema 
remained, despite mercurial, chlorothiazide, and acetazoleamide diuretics. 
He was given spironolactone for six days, again with no effect on the edema. 
His mean daily 17-hydroxycorticosteroid, 17-ketosteroid, and aldosterone levels 
did not change significantly during the period of study (FIGURE 5). 
Patient 7 (A.S.). A 68-year-old white male with an old thrombosis of the 
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middle cerebral artery and a right hemiplegia was admitted for nursing care. 
He had a very mild pedal edema, which persisted despite mercurial and chloro- 
thiazide diuretics. He was given spironolactone for five days without clinical 
response. The mean daily 17-hydroxycorticosteroid excretion was slightly 
lower and the mean 17-ketosteroid excretion was slightly higher while he was © 
on spironolactone (FIGURE 5). This patient’s aldosterone excretion tended to 
rise slightly during spironolactone therapy. 

Comment. One patient with congestive heart failure who had failed to 
diureseé with other agents lost 9 lb. on spironolactone. Spironolactone was ad- 
ministered together with an organomercurial and acetazoleamide to another 
patient with congestive heart failure, and this combination was four times more 
effective in its diuretic action than the latter two drugs alone. Two other 
patients with heart disease and very mild pedal edema did not lose their edema 
while on spironolactone. The edema of these two patients may well have been 


ALDOSTERONE 
yug/ 24 br. 


BEFORE-DURING |BEFORE-DURING | BEFORE— DURING 


17-OHCS mg/24 hr. |17-KS mg/24 hr. 


Ficure 5. Mean five-day urinary steroid levels before and during spi 
; ; f i g spironolactone thera 
in patients 6 and 7 with heart disease and edema, which did not respond to spironolactas 


related more to senile tissue factors than to cardiac failure. Hill et al.,! 
Laragh,™ and others have previously commented on factors other than adrenal 
steroids that may be involved in edema of cardiac origin. 


Nephrotic Syndrome 


Patient 8 (W.M.J.). A 39-year-old white male with poorly regulated dia- 
betes mellitus of 18 years’ duration was admitted to the hospital because of 
anasarca secondary to Kimmelstiel-Wilson’s disease. In the few months prior 
to admission the patient had become very edematous and had failed to respond 
to mercurial, chlorothiazide, or acetazoleamide diuretics. 

The response to spironolactone was as follows. The patient was placed on 
spironolactone, and a 2-lb. weight loss was noted during the first 24 hours 
However, at this time he developed acute pulmonary edema and severe pneu- 
monia involving all but the right lower lobe. He was treated with digitalis 
and antibiotics and after being critically ill for six days he began to improve 
Although spironolactone was continued during the period of pneumonia the 
patient lost very little weight, but with antibiotic therapy he began to diurese 
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rapidly. Spironolactone was discontinued after 12 days of therapy, during 
which time he had lost 11 Ib. However, his renal failure had continued to 
progress, he became uremic, lethargic, and disoriented, and his diabetes became 
very difficult to control. A pericardial friction rub developed, and his condi- 
tion progressively deteriorated; he died 14 days later. Post-mortem examina- 
tion revealed no evidence of toxicity to spironolactone. 

Comment. ‘This patient with diabetes and nephrosis lost 11 Ib. during 12 
days of spironolactone therapy. He lost no weight while critically ill with 
pneumonia. Although his blood urea nitrogen rose during therapy, it con- 
tinued to rise after the drug was discontinued, and at autopsy his kidneys 
showed only intercapillary glomerulosclerosis. 


Metastatic Carcinoma 


Patient 9 (R.A.). A 52-year-old male with extensive metastatic carcinoma 
of the prostate was admitted to the hospital because of anemia and marked 
pedal edema. He had paralysis of both legs secondary to metastatic involve- 
ment of the spinal cord. During the two months prior to admission the patient 
had been confined to a wheel chair. However, despite change of position the 
pedal edema persisted, and in the mornings a mild periorbital edema had been 
present. He did not lose weight on mercurial diuretics. 

The response to spironolactone was as follows. During treatment with 
spironolactone alone the patient lost only 1 lb. in six days, and there was no 
change in the edema. One cc. of meralluride was given on the seventh day of 
therapy, which was followed by a 4-lb. diuresis. Spironolactone was stopped 
on the tenth day of therapy, and the patient died 14 days later from causes 
unrelated to spironolactone therapy. 

Comment. Spironolactone was used in combination with a mercurial diu- 
retic to achieve diuresis in this patient with metastatic carcinoma. The marked 
dependent edema had not responded to meralluride alone. Death was appar- 
ently unrelated to spironolactone therapy, as post-mortem examination revealed 
no sign of toxicity to the drug. The autopsy did reveal an adenocarcinoma of 
the prostate with generalized metastases to bone, lymph nodes, and the left 
adrenal gland. The liver, kidneys, thyroid gland, and pituitary gland were 
normal on microscopic examination. 


Idiopathic Edema 


Patient 10 (B.J.P.). A 25-year-old white female was admitted to the hos- 
pital for evaluation of recurrent edema of 11 years’ duration. On a diet con- 
taining 20 to 30 mEq. of sodium, she usually did not become edematous; how- 
ever, marked edema developed when she was on a normal diet. Nine days 
prior to admission she was admitted to another hospital, where she gained from 
85 to 114 lb. during three days on a regular diet. She failed to respond to 
mercurial diuretics and was transferred to this hospital for further studies. On 
numerous hospitalizations over the 11 years prior to admission the patient was 
never found to be hypertensive, nor was she found to have evidence of cardio- 
vascular, hepatic, or renal disease. She was a small gitl with a blood pressure 
of 100/60 mm. Hg, a pulse rate of 88/min., a respiratory rate of 22/min., and 
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a normal temperature. She weighed 114 pounds and had generalized edema 
without ascites. The remaining results of physical examination were within 
normal limits. She had a normal phenolsulfonphthalein excretion, blood urea 
nitrogen level, Bromsulfalein retention, and serum albumin and globulin levels. 
A total eosinophil count was 228/cu. mm. Her serum sodium was 144 mEq. 
and potassium 4 mEq. per |., and serum calcium and phosphorus levels were 
also normal. With a diet containing 75 mEq. of sodium per day, her mean 
daily sodium excretion was approximately 60 mEq./24 hours and her mean 
potassium excretion also was 60 mEq./24 hours on three control days prior to 
therapy with spironolactone (FIGURE 6). 
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FicurE 6. Effects of spironolactone on body weight and urinary sodium and aldosterone 
levels in patient 10 with edema of unknown origin. 


Response to spironolactone: during six days of spironolactone therapy she 
lost 8 lb., or 7 per cent of her body weight. Her mean daily sodium excretion 
rose to approximately 250 mEq./l., and potassium fell to 40 mEq./l. during 
these six days of therapy. Mean aldosterone levels remained unchanged at 
17 and 19 ug./ 24 hours before and during therapy respectively. There were 
no changes in urinary 17-hydroxycorticosteroid or 17-ketosteroid levels. There 
was no evidence of hematological, renal, hepatic, cutaneous, or neurological 
toxicity during spironolactone therapy. 

Patient 11 (O.L.M .). A 43-year-old white housewife had recurrent edema 
for one year. Previous therapy with chlorothiazide had resulted in weight 
loss, which was always accompanied by weakness and muscle cramps. With- 
out diuretic therapy her weight would increase from 130 to 140 Ib. and she would 
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have severe headaches. Extensive studies in the past revealed normal renal, 
hepatic, and cardiovascular function. Ona diet containing 20 mEq. of sodium 
she continued to gain weight unless diuretics were administered. Her ad- 
mission to the hospital was prompted by extreme weakness, which accompanied 
a four-day period of chlorothiazide therapy. 

No abnormality was noted on physical examination except a mild edema. 
Her weight was 13014 Ib. Her serum sodium was 140 and potassium was 3.3 
mEq./l. Repeated studies of hepatic and renal functions showed them to 
be within normal limits. The patient was placed on a diet containing 1500 
cal. and 50 mEq. of sodium, and her weight increased 6 lb. in six days. Her 
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Ficure 7. Effects of spironolactone on body weight and urinary sodium and aldosterone 
levels in patient 11 with edema of unknown origin. 


~ mean daily excretion of sodium was 3 mEq. and of potassium 22 mEq. per 24 


NAF 


hours (FIGURE 7). 

The response to spironolactone was as follows. On the first day of spiro- 
nolactone therapy, the patient’s urinary sodium excretion increased to 230 
mEq. and remained above 140 mEq. on the following two days. Her mean 
potassium excretion was 40 mEq. /24 hours. No significant change was noted 
in the serum sodium level; however, the serum potassium level increased from 
3.3 to 4.9 mEq./l. Urinary aldosterone levels were within the upper limits of 
normal, and no significant change was noted on or after spironolactone therapy. 
No change was noted in the urinary 17-hydroxycorticosteroid or 17-ketosteroid 
levels. On the fourth day of spironolactone therapy she developed a mild 
erythematous maculopapular rash and the drug was discontinued. Because 
of the patient’s insistence that she had had this type of rash many times pre- 
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i use of her excellent response to spironolactone, the drug was 

eee with excellent clinical results and without recurrence of the 
xicity was noted. : 

Soa ar ). A tugeicol female, a registered nurse, was admitted to 
the hospital for evaluation of recurrent edema of unknown etiology. Minimal © 
episodic edema had been noticed for 20 years, but during the past two years 
there had been marked exacerbation of both the degree and the duration of the 
edema. She required almost constant diuretic therapy to maintain normal 
weight. She had noted that the edema usually subsided on 3 or 4 days of bed 
rest but returned when she resumed normal daily activity. In addition, over- 
night bed rest usually decreased the pedal but increased the periorbital edema. 
The patient had been extensively studied in several medical centers, but no 
cause for the edema had ever been determined. She had preeclampsia with 
each of her three children, born in 1934, 1936, and 1941. She had had no hyper- 
tension or proteinuria before, between, or after these three pregnancies. She 
had a lower urinary tract infection 9 years prior to admission, but there was 
no other history of renal disease. 

She was a well-developed well-nourished edematous white female in no acute 
distress. She had a blood pressure of 110/70 mm. Hg bilaterally, a pulse rate 
of 88/min., a respiratory rate of 18/min., and her temperature was normal. 
The remainder of the physical examination was normal except for mild peri- 
orbital edema, 3+ pitting pedal edema, and 2+ pretibial edema of both lower 
extremities. 

Complete blood count and urinalysis were normal. Twenty-four-hour urine 
protein determinations were negative on several occasions. During a Fishberg 
concentration test her urine was concentrated to a specific gravity of 1.028, 
and phenolsulfonphthalein excretion was normal. Serological test for syphilis 
was negative. Bromsulfalein retention was 4 per cent in 45 min., and serum 
bilirubin, total protein, alkaline phosphatase, and thymol turbidity levels were 
normal. Blood urea nitrogen, fasting blood sugar, serum sodium, potassium, 
calcium, and phosphorus levels were all normal. The patient was placed on 
a diet containing 75 mEq. of sodium per 24 hours. For the first five days of 
hospitalization the patient was allowed up and about the ward with her usual 
activity, during which time she had a slightly positive sodium balance with an 
increase in her weight from 142 to 144 lb. (FIGURE 8). On the fifth day she 
was placed on absolute bed rest, and her weight rapidly decreased over a five- 
day period to 138 lb. During this period of complete rest there was a marked 
natriuresis without significant change in urinary potassium excretion. The 
urinary aldosterone levels were relatively unchanged. No change was noted 
in the urinary 17-hydroxycorticosteroid or 17-ketosteroid levels. On the tenth 
day she was placed on forced ambulation, with as much walking as she could 
comfortably tolerate. Her urinary aldosterone levels rose to the abnormal 
high of 38 ug./24 hours, sodium excretion decreased to 4 mEq./24 hours, and 
she gained 6 lb. in the first 48 hours of forced ambulation. Forced ambulation 
was continued and on the thirteenth day of hospitalization spironolactone ther- 
apy was started. 


The response to spironolactone was as follows. Sodium excretion rose on the 
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first day of spironolactone therapy to 105 mEq. and on the second day to 151 
mEq. per 24 hours. Urinary potassium levels fell to approximately 54 mEq./ 
24 hours. She lost 4 lb. and her edema almost disappeared. No pretibial 
edema was noted. No change was noted in the urinary 17-hydroxycorticos- 
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Ficure 8. Metabolic effects of spironolactone in patient 12 with reactive or orthostatic 
edema and hyperaldosteronism. 


teroid levels. The 17-ketosteroid levels increased slightly on spironolactone 
therapy. She has been able to maintain her usual daily activities without 
recurrence of significant edema on continued spironolactone therapy. 

Comment. In all 3 patients with “idiopathic edema,” spironolactone admin- 
istration was accompanied by weight loss and negative sodium balance. Only 
patient 12, with orthostatic or reactive edema and hyperaldosteronism, had 
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unequivocally elevated urinary aldosterone levels. The marked response to 
spironolactone in patients 10 and 11 suggests that aldosterone was important 
in the production or maintenance of their edema, although their urinary aldos- 
terone levels were only slightly higher than the normal mean. These 2 patients — 
may represent a relative hyperaldosteronism similar to the three patients in 
whom Luetscher and Lieberman demonstrated failure of the depression of 
aldosterone output after sodium loading.” 


DISCUSSION 


The role of spironolactone as an aldosterone antagonist has been clearly 
shown. The present studies emphasize the usefulness of this compound in 
treating patients who either fail to diurese on other regimens or whose diuresis 
is accompanied by undesirable side effects. They further indicate that spiro- 
nolactone may be useful in studying the mechanisms of edema formation in 
some patients. 

Weight loss and natriuresis were obtained by spironolactone therapy in 
patients with cirrhosis, congestive heart failure, nephrosis, idiopathic edema, 
and edema secondary to metastatic carcinoma. The failure to diurese on 
spironolactone therapy, noted in one patient with cirrhosis, was probably re- 
lated to circulatory collapse. Although this patient died two weeks after ther- 
apy, her death was apparently due to cirrhosis and was unrelated to the 
spironolactone treatment. Two of the 4 patients with arteriosclerotic heart 
disease who did not diurese had very mild pedal edema and no significant con- 
gestive heart failure. All of the other patients had significant diuresis on 
spironolactone therapy, although 2 patients, Nos. 5 and 9, had a much greater 
diuresis when other diuretics were added. In patient 5, the addition of a third 
diuretic further enhanced the diuresis. Although none of these patients had 
marked hypokalemia during treatment with other diuretics, patients 11 and 12 
became quite weak after chlorothiazide diuresis, and patient 11 had a serum 
potassium level of 3.3 mEq./l. Neither weakness nor hypokalemia was ob- 
served to follow diuresis induced by spironolactone. 

The possible usefulness of spironolactone in studying mechanisms of edema 
formation is illustrated by patients 10, 11, and 12, for whom the clinical diag- 
nosis was idiopathic edema. That aldosterone was of importance in the pro- 
duction or maintenance of edema in these patients is suggested by their marked 
response to spironolactone administration. The fact that the urinary aldos- 
terone levels were only slightly higher than the normal mean for the sodium 
intake in each patient further suggests that these patients had a “relative 
hyperaldosteronism.” The reactive or orthostatic edema and hyperaldostero- 
nism in patient 12 is the subject of another report.®° 

That spironolactone does not significantly decrease adrenal cortical steroido- 
genesis has been demonstrated by the lack of a consistent change in either 
17-hydroxycorticosteroid or aldosterone excretion in patients receiving this 
compound. This is further evidence of a peripheral antagonistic effect of 
spironolactone on aldosterone action. A compensatory increase in urinary 
aldosterone levels as a result of spironolactone therapy was anticipated more 
frequently than the occasional increase that was actually observed. The slight 
rise in urinary 17-ketosteroid excretion noted in some patients on spironolactone 
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therapy may be an artifact. Powdered SC-8109 and SC-9420 give color with 
metadinitrobenzene, which could lead to falsely high 17-ketosteroid levels. 
The only toxicity noted was a rash that occurred in patients 5 and 11 and that 
subsided quickly on withdrawal of the drug. The rash in patient 11 may not 
have been related to the drug. Drowsiness and other signs of central nervous 
system toxicity were not observed in any of these patients. This may have 
been related to the relatively low dose used. There was no rise in blood am- 
monia levels in two patients with cirrhosis of the liver during therapy, although 
chlorothiazide treatment had induced signs of impending hepatic failure on 
previous occasions. There was no evidence of hepatic, gastrointestinal, renal, 
or other toxicity, either clinically or at post-mortem examination, that could 
be attributed to spironolactone. Patient 1 received 24 gm. of spironolactone 
over a period of 6 months with repeated diuresis and no sign of toxicity. 


SUMMARY 


Fourteen metabolic studies were made on 12 patients who received the spiro- 
lactone SC 9420 (spironolactone) orally for 3 to 12 days. All patients had 
ascites or edema or both, and a satisfactory diuresis could not be obtained 
with other diuretics. 

On spironolactone therapy patients with cirrhosis, nephrosis, congestive 
heart failure, idiopathic edema, and severe edema secondary to metastatic 
carcinoma had significant weight loss and sodium and water diuresis. Seven 
of the 12 patients diuresed satisfactorily on spironolactone alone. Natriuresis 
was accompanied by either a decrease or no change in potassium excretion. 
Two patients who responded minimally to spironolactone therapy alone re- 
sponded quite well when a mercurial diuretic and acetazoleamide were added. 
Both patients had previously failed to respond satisfactorily to the other diu- 
retics alone. ‘Three patients failed to respond on spironolactone alone. Two 
of these had minimal edema secondary to arteriosclerotic heart disease, and 
one was critically ill with repeated episodes of circulatory collapse. There was 
no clinical or pathological evidence of hematological, renal, or hepatic toxicity. 
Neither drowsiness nor other signs of neurological toxicity were observed in 
any patient. Two patients developed maculopapular skin rashes: 1 mild and 
the other moderately severe. The patient with the mild rash was given spiro- 


- nolactone again without recurrence of the rash. The present studies indicate 


that spironolactone may be useful both in diuretic therapy and in the investi- 
gation of the role of aldosterone in edema formation. 
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THE USE OF DIURETICS IN THE PREGNANT PATIENT 
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The pregnant female affords the obstetrician many interesting physiological 
problems. Not the least among these is the problem of sodium and water 
retention.’ .The role of sodium retention as an important factor in the pro- 
duction of edema of pregnancy and subsequently in the development of pre- 
eclampsia has long been recognized. The magnitude of this problem can best 
be highlighted by stating that according to the National Office of Vital Statis- 
tics” toxemia of pregnancy was still the leading cause of maternal death in the 
United States in 1957 (the latest year surveyed), accounting for 472 deaths. 
The general incidence of toxemia of pregnancy is approximately 10 per cent. 

Although the etiology of preeclampsia is still little understood, the physio- 
pathological disturbances produced ‘by this'syndrome are fairly clear and result 
clinically in a characteristic triad of signs manifested by edema, hypertension, 
and albuminuria. Two factors mediating this situation are: (1) generalized 
arteriolar constriction, and (2) derangement of sodium and water metabo- 
lism. ‘The tendency of pregnant women to retain sodium is greatly enhanced 
by the marked elevation of estrogen and adrenocorticosteroids during preg- 
nancy. This derangement of salt and water metabolism is further aggravated 
either by excessive salt intake or by excessive production of adrenocorticoster- 
oids resulting in sodium retention.* The cornerstone of good prenatal care in 
the prevention and treatment of toxemia of pregnancy is control of ionic so- 
dium, first by sodium restriction in the prenatal diet and, second, when edema 
and weight gain become evident, by elimination of sodium from the extracellu- 
lar tissue compartment. The treatment of toxemia of pregnancy is of necessity 
symptomatic; hence the management of edema with or without toxemia re- 
quires the use of agents that will promote excretion of sodium and water with 
the improvement of urinary function and preservation of electrolyte balance. 
» Measures to promote diuresis begin with bed rest and sedation, measures 
that aid in the reduction of arteriolar spasm, leading often to improvement in 
renal flow and glomerular filtration. Next, an increase in fluid intake, orally 
and intravenously, are advocated for diuresis. The administration of 3000 cc. 
or more of 5 per cent glucose in water may effectively decrease hemoconcentra- 
tion and favor better glomerular filtration. Finally, chemical agents have been 
employed for diuresis with varying degrees of success until recent years. 

The drugs most commonly used until recently fall into four categories: 

(1) The acidifying salts, for example, ammonium chloride. These agents 
are frequently ineffectual and require long periods of therapy to achieve the 
acidosis necessary to produce sodium loss. 

(2) The organomercurial drugs. These drugs are potent and reliable diu- 
retics that depress the tubular mechanism of reabsorption. They have found 
little popularity in obstetrics in the treatment of preeclamptic edema because 
of the potential hazard of adding to the pathological changes in the kidneys 
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produced by toxemia, the characteristic poisoning effect of the mercuric ion. 
The toxicity of this drug in a severe preeclamptic or eclamptic patient 1s another 
contraindication to its use. Rey 

(3) The important and popular carbonic anhydrase inhibitors, for example, 
acetazolamide. This drug produces diuresis by depressing tubular reabsorption 
of bicarbonate ion by the inhibition of carbonic anhydrase. There is a loss 
of sodium along with bicarbonate and potassium and a retention of chlorides 
with consequent acidosis. 

(4) Finally, the diuretics of the benzothiadiazine group, which have emerged 
as extremely efficacious drugs in the elimination of sodium and water without 
the production of acidosis or hypokalemia. This latter group is of great inter- 
est to the obstetrician. 

The purpose of this paper is to present an evaluation of the effectiveness of 
the benzothiadiazine drugs, chlorothiazide, hydrochlorothiazide, flumethiazide, 
and benzydroflumethiazide in the management of edema of pregnancy and 
preeclampsia. The pharmacological effect of these drugs is similar, the selec- 
tive inhibition of reabsorption of sodium and chloride by the renal tubule pro- 
ducing the excretion of sodium and chloride in almost equal proportions with- 
out significant loss of bicarbonate. Potassium is excreted to a much lesser 
degree. Consequently metabolic acidosis is no problem and sodium loss is the 
most desirable feature of this mechanism. 


Methods and Materials 


Clinical studies and observations were made of 315 pregnant women in the 
Prenatal Clinic of the New York Medical College-Metropolitan Medical Cen- 
ter. Only patients with objective evidence of fluid retention, such as abnormal, 
sudden weight gain or varying degrees of pitting edema, with or without hyper- 
tension, were selected. In this group 269 women were evaluated only on an 
outpatient basis. Ninety-two of these patients manifested toxemia of preg- 
nancy, using the following criteria for diagnosis: (1) hypertension above 144 
mm. systolic and/or 90 mm. diastolic; (2) edema; and (3) proteinuria. 

Patients were advised to continue the customary prenatal diet and were told 
to avoid excessive salt intake rather than salt restriction. Fluids were per- 
mitted ad libitum. One of the following drugs was then prescribed: (1) chloro- 
thiazide, one 500-mg. tablet in the morning and one 500-mg. tablet at night, 
totaling 1000 mg. daily; (2) hydrochlorothiazide, one 50-mg. tablet in the morn- 
ing and one 50-mg. tablet at night, totaling 100 mg. daily; (3) flumethiazide, 
one 500-mg. tablet in the morning and one 500-mg. at night, totaling 1000 mg. 
daily; or (4) benzydroflumethiazide, one 5-mg. tablet in the morning and one 
5-mg. at night, totaling 10 mg. daily. 

Notations of blood pressure, weight, edema, proteinuria, and subjective 
reactions to the drug were made at weekly intervals throughout the course of 
the investigation. 

The remaining 46 women in this study were admitted to the hospital because 
of severe toxemia of pregnancy. Closer observations of urinary excretion rates, 
serum electrolytes, and blood chemistries were possible in this group. 
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Results 


The response in the outpatient group of 269 women is shown in TABLE 1. 

Weight loss. In all patients weight loss was evaluated at the end of the first 
week of continuous therapy. The average weight loss was greatest with chloro- 
thiazide, the maximum being 16 lb. Hydrochlorothiazide and flumethiazide 
followed in order of potency. However, both drugs clearly manifested excel- 
lent diuretic response and in individual cases there were losses of up to 10 and 
12 lb. in one week. The group receiving benzydroflumethiazide must be evalu- 
ated in a somewhat different light. Patients in this group were selected more 
for hypertension than because of edema and weight gain. 

Weight gain (rebound). When medication was discontinued for one week 
after initial therapy, a rebound phenomenon was invariably noted, and most 
patients regained more than the initial weight loss. The extreme example of 


TABLE 1 
RESPONSE TO VARIOUS DiIURETICS IN 269 PREGNANT WOMEN WITH EDEMA OR TOXEMIA 


Edema Blood pressure Toxic reactions | Rebound 
Wt. loss 
No. : og Ge] 
of Diuretic agent hea 3 so L a 3 .,| Se. | Weight 
Coa (Ib.) 5 a x z| g None |Mild ace eu 
oo) tea au a1 oe 
102 | Chlorothiazide 5.16 84 | 18 | 20 | 72 10°) @7 21 |. 4 6.30 
(500 mg. b.i.d.) 
67 | Hydrochlorothia- 4.21 41 26 19 33 IN), HE son Tl Goya |) 6.35 
zide (50 meg. 
b.i.d.) 
66 | Flumethiazide 3.54 54 | 12 18 | 44 Ae 534) 9 0 4.84 
(500 mg. b.i.d.) 
32 | Benzydroflume- SJeVAlt 13 |- 19 9} 15 (LA |, 9G 6.33 
thiazide (5 mg. 
b.i.d.) 


this was a patient who lost 9 lb. in four days on chlorothiazide and regained 
12.75 lb. in the week after discontinuing the drug. When the drug was admin- 
istered continuously, rebound occurred much less frequently and was less 
marked. 

Toxic reactions. Only 66 patients developed reactions attributed to the 
drugs. Of these 59 were mild and 7 severe enough to discontinue medication. 
The usual reactions were nausea, vomiting, dizziness or lightheadedness, drowsi- 
ness, weakness, and one case of pruritus with a faint rash. 

Blood pressure. ‘The blood pressure responses with all of the drugs was in- 
consistent and showed no specific trend. A drop or rise of 10 mm. Hg was 
accepted as a change. 

Duration of treatment. One hundred and sixty-two patients were on con- 
tinuous medication for more than two weeks. The longest continuous therapy 
was 1000 mg. of chlorothiazide daily for 17 weeks. Approximately 85 per cent 
of the patients on prolonged treatment maintained their weight within 3 lb. 
after the initial loss, or gained thereafter at the normal expected rate. 
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Toxemia Group 


There were 92 toxemias of pregnancy in the group. Thirty-three patients 
manifested a drop in blood pressure, 30 were unchanged, and 29 showed an 
actual rise in blood pressure during treatment. The best effect on hypertension 
was produced by benzydroflumethiazide, 9 cases of 26 patients with toxemia 
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showing a drop in blood pressure, four showing a rise, and 13 cases remaining 
unchanged. 
Intravenous Therapy 


Forty-six patients were admitted because of severe toxemia. This group 
was placed at bed rest with minimal sedation (phenobarbital 60 to 90 mg. three 
times each day), nothing by mouth for at least 24 hours, intravenous fluids of 
5 per cent glucose in distilled water, 3000 cc. daily, and a Foley catheter in- 
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serted into the bladder to measure hourly urinary output. After a control 
period of 6 to 24 hours, chlorothiazide, 500 mg., hydrochlorothiazide, 50 mg., 
or flumethiazide, 500 mg., was administered intravenously. Usually two doses 
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at 12 hour intervals were administered. Subs i 
: equently the patient was placed 
on oral therapy in the dosage outlined above. i : 


Results 


phe urinary output was universally increased approximately fivefold (TABLE 
2). There was a uniform sharp increase in hourly output in the first hour of 
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five times the previous average hourly output, reaching a peak in 2 to 4 hours 
and then gradually decreasing, but remaining at a higher level than before 
treatment. FicuRE 1 represents the typical response of a severe preeclamptic 
patient developing a severe oliguria whose urinary output in the last 6-hour 
period was 175 cc. The blood pressure was 180/140, the urine showed four 
plus albumin, and she was markedly edematous. She was given 500 mg. of 
chlorothiazide intravenously in 250 cc. of 5 per cent glucose in distilled water, 


TABLE 4 


Serum ELECTROLYTE StuprIEs, BLoop CHEMICAL CHANGES, FLumID Loss IN 
A PREECLAMPTIC PATIENT* 


Day 1 2 3 4 5 6 
129.4 131 137 
a 4.8 1 
Cl 107 112 98 
COz 42 ? fe 7 48 
Uric acid Ze 5 
Weight 183 Ibs. 179 177 174 Del. PP 
Blood pressure 186/110 | 162/110 | 150/100 | 152/100 120/90 132/90 
Chlorothiazide 1000 mg. | 1000 mg. | 1000 mg. | 1000 mg.| Disc. Disc. 
LV. oral oral oral 
* Patient D.V. 
TABLE 5 


SERUM ELECTROLYTE STUDIES, BLoop CHEMICAL CHANGES, FLUID 
Loss IN A PREECLAMPTIC PATIENT* 


Day 1 2 3 4 5 
Na 126 128 
K 4.0 4.3 
Cl 106 110 107 
COz 32 ‘ 
Uric acid 2.4 3.8 3.8 
Weight 139.5 135 133 130 
Blood pressure 130/90 120/80 130/80 120/80 
Flumethiazide 1000 mg. | 1000 mg. | 1000 mg. | 1000 mg. | 1000 mg. 

TV. oral oral oral oral 


* Patient M.V. 


and in one hour her output rose from 2 cc. to 350 cc. In the second hour it 
rose to 650 cc. and continued to improve thereafter. FrcuReE 2 illustrates a 
small group of responses that typify the entire group. Total urinary output 
rose remarkably in almost all cases, frequently exceeding 5000 cc. in the first 
24-hour period. Weight loss was marked and rapid; in one case weight loss 
was 8 |b. in the first day. Urinary output exceeded fluid intake for 5 or more 
days and then reached an equalizing level. This usually reflected the patient’s 
state of hydration. When this point was reached, weight loss ceased. 


Serum electrolyte studies revealed that sodium levels fell in a 


roximatel 
30 per cent of cases, PP y 


es, potassium in 18 per cent, and chlorides in 6.5 per cent in 
those cases in which therapy was continued for longer than 7 days (TABLES 
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3,4, and 5). There was no clinical evidence of hypokalemia or hyponatremia 
in any patient in this study. 


Comments 


The retention of sodium in the interstitial fluid compartment in pregnant 
women is recognized as one of the most constant factors in the development of 
preeclampsia. Thus any drug that can effectively and safely mobilize and 
eliminate salt and water in pregnant women is a most useful and desirable agent. 
Our experiences indicate that the benzodiathiazine derivatives are both potent 
in effecting diuresis and safe to mother and child. 

The constancy and predictability of weight loss and reduction of edema is 
most impressive. The degree of response is almost in direct ratio to edema 
and sodium retention. 

Aside from minor reactions, it was found that there were no harmful clinical 
effects in terms of salt or potassium depletion syndromes. This “safety valve” 
effect is probably related to a decreasing ability of the benzodiathiazine drugs 
to cause sodium excretion as the excess of sodium is being eliminated from the 
interstitial compartment.! 

In the treatment of toxemia of pregnancy the effect of these drugs on blood 
pressure seems to be a secondary result of sodium excretion and fluid loss. The 
most interesting and important effect of the benzothiadiazine drugs in the treat- 
ment of severe preeclampsia is their ability to mobilize sodium and dramatically 
improve urinary output in the presence of marked oliguria. This remarkable 
faculty in the presence of varying degrees of kidney damage represents a unique 
advance in therapy of the toxemia patient. The intravenous use of these 
agents offers a newer modality in the treatment of the critically ill patient with 
toxemia of pregnancy. . 


Summary 


Three hundred and fifteen pregnant women with edema or toxemia were 
treated with the benzodiathiazine drugs. » 

These drugs are effective in achieving rapid weight loss and decrease in edema. 

Toxic reactions occurred in 66 patients but were severe in only 7 cases. 

There were no definite specific hypotensive effects attributable to these drugs 
in the treatment of toxemia of pregnancy. 

A group of 46 patients with toxemia were treated intravenously with chloro- 
thiazide, hydrochlorothiazide, and flumethiazide with dramatic diuretic re- 
sponse and weight loss. ; 
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USE OF DIURETICS IN THE TREATMENT OF KIDNEY DISEASES* 


J. Genest and G. Pigeont 
Département de Recherches Cliniques, Hétel-Dieu de Montréal, Montreal, Canada 


This paper will be limited to the presentation of results obtained during 
administration of newer diuretics to 13 patients with nephrotic syndrome of 
various origins and to some aspects of the management of such patients. We 
shall not discuss the use of diuretics in the treatment of edema associated with 
severe chronic renal failure or with acute glomerulonephritis (Ellis, Type 1)4 
since the latter most often appears to be secondary either to cardiac failure®:!° 
or to an excessive salt and water intake in presence of severe oliguria. 

The aim in the treatment of nephrotic syndrome is twofold: first, the cessa- 
tion of proteinuria with subsequent correction of hypoproteinemia, hypoalbum- 
inemia, hypercholesterolemia, and hyperlipemia; and, second, if the first can- 
not be accomplished, complete relief of edema with increase in well-being and 
working capacity. In working toward the primary aim, the use of corticos- 
teroids, first employed in 1950,7"*. is indicated in most cases. Precise knowl- 
edge of the underlying renal lesion is essential. In all patients whose history 
and clinical examination do not give enough diagnostic certainty as to the causal 
pathological lesion, percutaneous renal biopsies should be done by a well- 
trained and careful physician. 

The risks involved are, we believe, warranted in view of the great advantages 
both to patients and to treating physicians. TABLE 1 outlines a list of the 
causes most frequently responsible for the nephrotic syndrome and its fre- 
quency, based on the findings of Kark and his collaborators” and of Berman 
and Schreiner.! Although some workers still advise the same steroid treat- 
ment for all patients with nephrotic syndrome, it seems quite obvious that the 
use of corticosteroids is contraindicated in the nephrotic syndrome secondary 
to diabetic nephropathy and would be of little or no benefit in cases secondary 
to multiple myeloma, amyloid disease, constricting pericarditis, or renal vein 
thrombosis. 

When cessation of proteinuria is not obtained by one or two courses of corti- 
costeroids (for 15 to 30 days each), diuretics are indicated for relief of edema. 
This aim was rarely achieved with the previous diuretics, such as ammonium 
chloride, urea, xanthine derivatives, acetazoleamide, aminometradine, amisome- 
tradine, and mercurial diuretics. Generally, the latter have not been used ex- 
tensively in the treatment of nephrotic syndrome because of reports in the 
literature of nephrotic edema occurring during prolonged administration of 
mercurial compounds, including organic mercurial diuretics, to patients with 
edema.16,4 

Since 1957, several new natriuretic drugs have been synthesized and found 
very potent. The compounds we have studied in our series are chiefly spiro- 
nolactone,* chlorothiazide,!”:2% > hydrochlorothiazide,®! and chlorthalidone (a 
phthalimidine or sulfamylated isoindoline derivative).!° 

* The work described in this paper was supported in Bk by research grants from the 


Ministries of Health (Federal-Provincial Plan) and the National Research Council, both of 


Ottawa, Canada, and from the Life Insurance Medical Research Fund, New York. N 
t Medical Research Fellow of the National Research Council. eS eo ae 
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As shown in TABLE 2, the presence of aldosterone or a mineralocorticoid re- 
placement, such as desoxycorticosterone, is necessary for the natriuretic ac- 
tivity of spironolactone, the mode of action of which is one of blocking aldos- 
terone effects on the distal tubular reabsorption of sodium.""* The natriuresis 
caused by the administration of chlorothiazide is due to a decrease in the proxi- 


TABLE 1 
NEPHROTIC SYNDROME 


Frequency 
Causes 
98 patients* 45 patients} 
I. Intrinsic renal lesions bY | 31 
* Membranous and/or proliferative glomerulonephritis (46) 
Tubular degeneration without glomerular changes (11) ¥ 
II. Systemic diseases 36 11 
Amyloidosis (3) 
Disseminated lupus erythematosus (18) 
Diabetic nephropathy (15) 
Multiple myeloma 
III. Severe obstruction to renal venous flow 4 


Renal vein or inferior vena cava thrombosis 
Constrictive pericarditis 
IV. Miscellaneous 1 3 


* All by renal biopsies. After Kark ef al. 
{ Thirty-six by biopsy, 9 by autopsy. After Berman and Schreiner. 


TABLE 2 
SPIRONOLACTONE* 
(Aldosterone-antagonist SC-9420) 


_ Natriuresis during _ 
spironolactone administration 


In edematous states with hyperaldosteronism Ves 
In Addisonian patients on high sodium diet alone No 
In Addisonian patients on DOCA plus sodium diet Yes 
Tn adrenalectomized animals on high sodium diet plus glucocor- 

ticoid x No 
Tn normal subjects on high sodium diet No 
In normal subjects on low sodium diet - Ves 
Does not block aldosterone secretion 


Produces negative sodium balance in primary aldosteronism 


* Aldactone. 


mal tubular reabsorption of sodium and of partial inhibition of the carbonic 
anhydrase in the distal tubules.”*.” One of the merits of chlorothiazide, and 
presumably of its derivatives, is its efficacy over a wide range of glomerular 
filtration rate (measured by inulin clearance) from 30 to 160 ml./min./1.73 
sq. m. of surface area, as was previously shown.” 

Our data are limited to the study of 13 patients with nephrotic edema. Two 
cases were due to diabetic nephropathy and 11 were due to intrinsic renal 
diseases. The latter group includes 8 patients with membranous glomerulo- 
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nephritis, 1 with mixed proliferative and membranous glomerulonephritis, and 
2 without evidence of glomerular lesion with the light microscope. Etiological 
diagnosis was obtained in 8 patients by percutaneous renal biopsy. Clinical 
diagnosis of nephrotic syndrome was based on the presence of edema, protein- 
uria above 3 gm./day, presence of doubly refractile and oval fat bodies in 
urinary sediments, hypoalbuminemia, hypoproteinemia, and hyperchloesterol- 
emia. 

Investigation of each patient with the nephrotic syndrome included detailed 
history and careful physical examination, repeated determinations of serum 
sodium, chloride, potassium, proteins, electrophoretic pattern, cholesterol, and 
total lipids, frequent measurements of renal function by phenolsulfonphthalein 
excretion, urea and creatinine clearances, urinary aldosterone,’* and free and 
conjugated 17-hydroxycorticosteroids.” Each patient was on a fixed calcu- 
lated protein, sodium, and potassium intake, and had daily urinary determina- 
tions of sodium, potassium, and proteins. 

The use of the newer natriuretic agents alone or in combination was effective 
in relieving completely the edema in 12 of the 13 patients studied. The 13th 
patient admitted to the hospital in anasarca was discharged with only a slight 
amount of pleural effusion and without noticeable subcutaneous edema. The 
following detailed presentation of 7 patients provides more information on 
the effects of these newer diuretics in the nephrotic syndrome. 

The first case to be discussed is that of a 57-year-old man with a generalized 
pitting edema, right pleural effusion, and ascites. Histological lesions of 
membranous glomerulonephritis and of pyelonephritis were found on percu- 
taneous renal biopsy. Results of the sodium metabolic balance and of the 
effects of chlorothiazide and dexamethasone are shown in FIGURE 1. Complete 
disappearance of the generalized edema was achieved by administration of 
chlorothiazide at 2 gm./day for three weeks, with a very marked natriuresis 
apparently enhanced on at least two occasions by addition of meralluride. 
Subsequent administration of dexamethasone at 4 mg./day for 10 days was 
followed by complete cessation of proteinuria with correction of other biochemi- 
cal abnormalities. This total remission has now persisted for two years, and 
is a “dream-response”’ for all concerned. 

The combined effects of spironolactone and a thiazide derivative, P-1393, 
are illustrated in the second patient, a 48-year-old woman with nephrotic syn- 
drome secondary to diabetic nephropathy (r1GURE 2). This patient was ad- 
mitted in the spring of 1959 in anasarca, pulmonary edema, orthopnea, and 
hepatomegaly. She was known to have had hypertension and diabetes since 
1955. Her renal function was poor, as measured by the phenolsulfonphthalein 
excretion of - per cent in 15 min. and of 14 per cent in 45 min., by the endoge- 
nous creatinine clearance varying between 12 and 35 ml./min./1.73 sq. m. of 
surface area, and by a blood urea at 70 mg. per cent. After a stormy first few 
days during which the patient’s condition was critical and urine collections 
were Inaccurate, she improved sufficiently to be placed on a fixed diet contain- 
ing 20 mEq. of sodium per day. During administration of a thiazide deriva- 
tive, P-1393, the patient showed a slight negative sodium balance with little 
change in weight. Addition of spironolactone at 600 mg./day for one week 
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greatly enhanced the natriuresis, which persisted for eight days following cessa- 
tion of the drug. Edema disappeared completely after a weight loss of 10 kg. 

Spironolactone was studied in a third patient, aged 29, in whom histological 
examination of the percutaneous renal biopsy failed to reveal any glomerular 
lesion with the light microscope. The administration of this aldosterone- 
antagonist was accompanied by a significant decrease both in systolic and di- 
astolic blood pressures, a total disappearance of proteinuria, and an increase 
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This total remission in proteinuria and edema has now persisted for two years. 
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in total urinary 17-hydroxycorticosteroid accompanied by a marked decrease 
in the conjugated fraction. The remission of proteinuria was short, since it 
recurred a month later at the same previous levels (FIGURE 3): 

Important natriuresis induced by the simultaneous administration of spiro- 
nolactone and chlorthalidone is illustrated in a 52-year-old man with nephrotic — 
syndrome secondary to diffuse membranous glomerulonephritis (FIGURE 4). 
This patient was admitted to the hospital with marked pitting edema over 
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Ficure 3. Patient G.G. Administration of spironolactone at a dosage of 450 to 800 
mg./day for 17 days resulted in a progressive decrease in blood pressure, a loss of 4 lb., com- 
plete cessation of proteinuria, and no significant change in sodium balance except for the 
very marked sodium retention following cessation of spironolactone. ‘The total urinary 17- 
hydroxycorticosteroids rose during administration of spironolactone, with a concomitant 
marked decrease in the conjugated fraction. Urinary aldosterone rose during the latter part 
of spironolactone administration when dosage was at 800 mg./day. 
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both legs, genitalia, and lumbosacral region. Administration of triamcinolone 
for 10 days and of 6-methyl prednisolone for 24 days did not bring any decrease 
m proteinuria. A marked natriuresis with complete loss of edema was ob- 
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HOSPITALIZATION 
Ficure 5. Patient A.S. The diuretic effects of chlorothiazide, hydrochlorothiazide 
dexamethasone, salt-poor concentrated human albumin, and spironolactone are compared 
The most intense natriuretic periods are those during administration of chlorothiazide, infusions 
of 25 gm. of concentrated salt-poor human albumin, and administration of spironolactone. 
The latter period is shown in greater detail in FIGURE 6, 


served during the period of simultaneous administration of spironolactone and 
chlorthalidone. Natriuresis was less marked during administration of either 
drug alone. 

The diuretic effects of chlorothiazide, salt-poor concentrated human albumin, 
and spironolactone in a 15-year-old girl with nephrotic syndrome due to mixed 
glomerulonephritis, can be seen in FIGURE 5. Administration of 2 gm. of 
chlorothiazide for one day resulted in a marked natriuresis, which was repeated 
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to the same degree on two different days during which the patient received 
infusions of 25 gm. of salt-poor concentrated human albumin. However, the 
most marked and prolonged natriuresis was obtained with spironolactone, the 
study of which is shown in greater detail in FIGURE 6. Administration of this 
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agent at a dosage of 400 mg./day for 11 days was accompanied by a loss of 5 
lb., a very marked and continued natriuresis for the whole period of adminis- 
tration, and no change in proteinuria. Again, there is a significant increase 
in total urinary 17-hydroxycorticosteroids, with a marked decrease and even a 
disappearance of the conjugated fraction. Urinary aldosterone is at very high 
levels both during and following administration of spironolactone. Unfortu- 


nately, urine collections made during the control period previous to the admin- 


istration of the drug were lost. Two renal biopsies were done in this patient. 
The first one, in 1957, when the patient was admitted with generalized edema 
following a severe cold and fever, showed changes of acute glomerular nephritis 
with mixed proliferative and membranous lesions. At the time of the meta- 
bolic balance study in March 1959, the second renal biopsy showed changes 
chiefly of membranous and of proliferative glomerulonephritis. 

The case of a sixth patient, a 26-year-old man with nephrotic syndrome due 


- to membranous glomerulonephritis, is shown in FIGURE 7. Administration of 
~ dexamethasone and of 6-methyl prednisolone brought a very slight negative 


sodium balance with a progressive loss in weight and disappearance of edema. 
A somewhat more marked natriuresis was produced by spironolactone and 


shown in greater detail in FIGURE 8. As may be seen, during spironolactone 
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administration at 450 to 600 mg./day for two weeks, there was a significant 
negative sodium balance and a slight decrease in glomerular filtration rate, as 
measured approximately by creatinine clearance. No change in proteinuria 
occurred. The conjugated fraction of the 17-hydroxycorticosteroids was again 
decreased during administration of spironolactone, and urinary aldosterone was 
generally increased during period of administration of the drug. 

The last case we discuss is that of a 62-year-old woman with the nephrotic 
syndrome secondary to diabetic nephropathy and in the terminal stage (FIGURE 
9). At the time of admission, the patient was in marked anasarca with severe 
orthopnea, cyanosis, profuse sweating, and mild hypertension. There was a 
right pleural effusion with moist rales over both lung bases. Creatinine clear- 
ance was 15 to 20 ml./min./1.73 sq. m. of surface area. Blood urea was 65 mg. 
per cent. The patient received as basic therapy spironolactone at 500 mg. /day 


for 54 days and, in addition, on various occasions, other natriuretics, such 


as chlorothiazide, hydrochlorothiazide, flumethiazide, and meralluride. The 
most important natriuretic periods were those during which the patient received 
simultaneously spironolactone, a thiazide compound, and/or meralluride. As- 
sociation of flumethiazide and meralluride was also equally effective. This 
patient, despite the very low glomerular filtration rate that remained constant 
throughout her course in the hospital, was able to leave the hospital with only 


a slight amount of pleural effusion. 


The Management of Some Aspects of Nephrotic Syndrome 


The nephrotic syndrome is indicated chiefly by percutaneous renal biopsy. 
When the etiological diagnosis is firmly established, the treatment of the 
nephrotic syndrome must be oriented primarily toward cessation of the massive 
proteinuria and correction of its secondary biochemical and physiological ef- 
fects (TABLE 3). Cessation of proteinuria may occur “spontaneously” during 
bed rest and administration of a diet rich in protein (1.7 to 2 gm./day/kg. of 
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body weight) and low in sodium (below 500 mg./day). The occurrence of sucha 
complete remission in a patient with a so-called cyclic nephrotic edema’ is 
illustrated in FIGURE 10. It constitutes a very rare exception. In most other 
cases (especially those due to intrinsic renal diseases and disseminated lupus 
erythematosus), administration of corticosteroids, such as prednisolone, 6- 
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creased during the administration of spironolactone. 
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methyl prednisolone, triamcinolone, or dexamethasone, in high ee ees 
periods of 15 to 30 days, has now become the treatment of choice in a : 
and will bring, in a certain number of patients, chiefly children, a — ion i 
proteinuria with disappearance of edema and correction of blood biochemica. 
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FicurE 9. Patient R.S. The combined effects of various diuretic drugs, including 

spironolactone, thiazide derivatives, and/or meralluride, which produce striking effects with 

almost complete relief of edema in a patient with severe diabetic nephropathy and with a 

very low glomerular filtration rate of 15 to 20 ml./min./1.73 sq. m. of surface area. Associa- 

tion of spironolactone with a thiazide compound and/or meralluride produces very marked 

natriuresis. Similar natriuresis was obtained by the combined administration of flumethiazide 

with meralluride. Urinary aldosterone is increased (normal excretion: 1.5 to 9.5 yg./day) 
and does not show any significant change before, during, or after periods of natriuresis. 


abnormalities. The mode of action of corticosteroids in producing either diu- 
resis or cessation of proteinuria is, after 10 years of empirical use, as obscure as 
when they were first used in 1950,7:14.28 

Relapses and recurrences are fairly frequent following steroid therapy and 
patients should be retreated in the same way, perhaps at higher dosages and 
for a more prolonged period of time. This treatment is generally not as suc- 
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TABLE 3 
NeEpHROTIC EDEMA 


Factors involved Therapeutic measures 
Proteinuria Corticosteroids 
(mechanism unknown) (mode of action unknown) 
Decrease in plasma osmotic pressure Dietary measures 
Hypoproteinemia High protein intake (1.7-2.0 gm./kg./ 
Hypoalbuminemia day) 
Hypercholesterolemia Low sodium (400 mg./day) 
Hyperlipemia I.V. concentrated human albumin 
Interstitial edema Diuretic agents 
Decreased blood volume Spironolactone 
Stimulation of aldosterone Thiazide derivatives 
Increased tubular reabsorption of sodium Sulfamyl isoindoline derivatives 
Organic mercurials 
Steroids 
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Ficure 10. This patient has a clinical history of four distinct episodes of nephrotic 
syndrome separated by intervals of complete remission of proteinuria and edema. One such 
episode was observed in the medical ward prior to the organization of the Hétel-Dieu de 
Montréal’s Metabolic Unit. Marked loss of weight (22 Ib.) with complete remission of edema 
and of proteinuria followed bed rest and administration of a high protein, low sodium diet. 
This was accompanied by a progressive fall in serum cholesterol, a parallel rise in total serum 
protein, and a rise in serum albumin fraction. This patient was studied later during a neph- 
rotic episode in 1958 and complete remission of proteinuria and edema was obtained during 
administration of hydrocortisone. Renal biopsy done at that time failed to show any glomeru- 
lar lesion with the light microscope, but presented evidence of pyelonephritis. 
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cessful in adults with the nephrotic syndrome as it is in children. Because of 
this fact and the high relapse rate, some workers have recently advocated the 
long-term intensive use of corticosteroids in adults, and have claimed much 
better results in small series of patients. 

This is not without severe dangers, as strongly emphasized in 1957 by Good 
and his co-workers,’ who reported side reactions of “‘sufficient severity to threaten 
life” in 10 per cent of a series of 340 children treated with ACT H or cortisone 
for long periods of time. These severe complications, listed in part in TABLE 
4, did not include the many other annoying side effects occurring in almost all 
patients on long-term therapy. 

Without any better knowledge of the mode of action of corticosteroids and 
of the basic factors responsible for massive edema and proteinuria, we wonder 
if such enthusiasm for long-term intensive corticosteroid treatment for all pa- 
tients with nephrotic syndrome is warranted at the present time, and if the 


TABLE 4 


LONG-TERM INTENSIVE CORTICOSTEROID ADMINISTRATION FOR 
TREATMENT OF NEPHROTIC SYNDROME 


“‘Necessary’’ adjuncts Severe reactions Side effects 
Na restricted diet Hypertensive encephalopa- Hypertension 
thia 
Supplementary K Status epilepticus Hypokalemic alkalosis 
Frequent feedings Gastrointestinal Peptic ulcer (?) 
Antacids Hemorrhage 
Antibiotics Perforation Tendency to infections 
Septicemia Acne 
Severe osteoporosis with frac- | Moon-face 
tures Hirsutism 
Behavior changes 
Diabetes 


beneficial effects of corticosteroids in some cases outweigh the severe life- 
threatening reactions in others and the annoying side-effects in almost all 
patients. The efficacy of the new natriuretic agents makes the use of this 
procedure, at least for diuretic purposes, doubtful if not unwise. We feel that, 
except for the indications given by Morrison! in cases of resistant edema 
associated with hyponatremia, there is little need now for the long-term in- 
tensive use of corticosteroids for diuretic purposes in the management of pa- 
tients with nephrotic syndrome. The discovery of the new natriuretic agents, 
such as spironolactone, chlorothiazide and its derivatives, and chlorthalidone 
has greatly facilitated the treatment of nephrotic syndrome in permitting com- 
plete relief of edema in almost all cases. Their use in association is particularly 
valuable in patients with a very low glomerular filtration rate. Our results 
confirm in general those obtained by Schreiner.2¢ 

These new diuretics should preferably be used in conjunction with a diet 
restricted below 500 mg. of sodium per day and containing 1.7 to 2.0 gm. of 
proteins per kg. of body weight per day. Bed rest should be enforced for all 
patients with various degrees of edema. When chlorothiazide or one of its de- 
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rivatives, or chlorthalidone is used, supplementary potassium should always 
be administered in the form of fruit juices (700 to 1000 ml./day) or of potassium 
chloride (2 to 4 gm./day) because of the increased kaliuresis. Spironolactone 
has no such potassium-depleting effect but, if administered for prolonged 
periods, can produce severe hyponatremia. 

Plasma determinations of chloride, sodium, and potassium should be done 
at frequent intervals for prevention of salt-depletion syndrome, of hypochlo- 
remic alkalosis, and of hypokalemia, with subsequent danger of digitalis in- 
toxication. 


Conclusions 


Our studies of 13 patients with nephrotic syndrome of various origins indicate 
that the new natriuretic agents, spironolactone, chlorothiazide and its deriva- 
tives, and chlorthalidone are effective in relieving edema due to nephrotic syn- 
drome. Administration of spironolactone in the patients studied is accom- 
panied by a rise in total urinary 17-hydroxycorticosteroids, probably due to 
a metabolite excreted in urine and reacting with the Silber-Porter reagent.”° 
This rise is accompanied by a marked decrease and even a disappearance of the 
conjugated fraction. Spironolactone is also accompanied in most cases by a 
significantly increased aldosteronuria. Association of spironolactone with or- 
ganic mercurials and/or chlorothiazide (or one of its derivatives) or chlor- 
thalidone produces a marked enhancement of natriuresis. We feel that the 
association of these new diuretics constitutes a very effective and most rational 
approach to the treatment of nephrotic edema. 
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COMBINED DIURETIC AND STEROID THERAPY 
IN CIRRHOSIS WITH ASCITES* 


Robert S. Morrison and Thomas C. Chalmers 


Depariment of Medicine, Lemuel Shattuck Hospital, Department of Public Health, 
Commonwealth of Massachusetts, and Department of Medicine, 
Harvard University Medical School, Boston, Mass. 


The patient with cirrhosis of the liver and ascites is severely hampered by 
immobilization, loss of appetite, dyspnea from elevation of the diaphragms or 
escape of fluid into the pleural space, and the development of umbilical and 
inguinal hernias. Although strict maintenance of “dry weight” is probably 
not indicated until liver function has spontaneously improved, a reduction in 
the amount of retained fluid is desirable when ascites is marked. Most pa- 
tients become resistant to single diuretic agents before any significant portion 
of the extra fluid has been removed, and continued administration of the usual 
agents results in severe potassium depletion. A generous paracentesis has the 
disadvantages of further loss of protein in patients who are already protein- 
depleted, occasional hepatic coma, not-infrequent vascular collapse, and severe 
dilutional hyponatremia if the patient’s fluid intake is not restricted. 

Availability of an effective aldosterone antagonist has led to the observation 
that combinations of diuretics with different modes of action may facilitate 
successful diuresis of previously resistant patients.1> In this study the mean 
change in excretion of sodium, potassium, and water, averaged over a three- 
day period, has been determined for four single different diuretic agents and 
various combinations of the four. The results suggest that a combined ap- 
proach offers, for the first time, a method of diuresing patients with previously 
intractable ascites. 


Materials and Methods 


Thirty-six patients with cirrhosis of the liver and resistant ascites were 
studied in a metabolic ward. No patient with a urine volume of less than 500 
ml./day was admitted to the study. The diet contained 10 mEq. or less of 


‘sodium and 80 + 10 mEq. of potassium. In addition, the patients received 10 


mEq. of potassium chloride in tomato juice four times a day. Fluid intake 
was set at a constant level determined by taking a mean of three days of an 
ad-lib intake. Body weight was obtained daily at the beginning of each 24- 
hour collection period. The urinary concentration of sodium, potassium, and 
creatinine was determined daily. Accuracy of collection was assessed by the 
constancy of the 24-hour creatinine excretion. Blood was drawn at the be- 
ginning of administration of the agents and again three days later, and hema- 
tocrit, NPN, creatinine, sodium, potassium, and carbon dioxide combining- 
power levels were obtained. 

The agents evaluated were a glucocorticoid—prednisone (10 mg.) or methyl- 
prednisolone (8 mg.)—every 8 hours; spironolactone, 100 mg. every 8 hours; 
chlorothiazide, 1 gm. every 12 hours; and meralluride (Mercuhydrin) 2 ce. 


* The work described in this paper was supported in part by Research Grant H-2324 from 
the National Heart Institute, Public Health Service, Bethesda, Md. os 
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I.M., once daily. The mean daily excretion of sodium, potassium, and water 
was determined for the three days prior to treatment and the first three days 
of treatment. The difference between these two was assumed to be caused 
by the diuretic agents. The mean daily weight change during the three days 
of treatment was calculated from the weight at the start and end of treatment. 

In FicuREs 1, 2, 3, and 4, each point represents the mean change for one 
patient. The heavy line is the mean of the group, and two standard errors in 
each direction are indicated by the enclosed box. If the box enclosing the 
mean -t 2 S.E. does not encompass the zero line, the change is probably sig- 
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Ficure 1. Effects of various agents on urinary sodium excretion in patients with cirrho- 


sis of the liver. Each point represents the mean daily change in each patient during a 3-day 
treatment period compared to a base-line period. 


nificant. If the boxes of two groups do not overlap, the difference in means is 
probably statistically significant. 


Results 


Ficure 1 summarizes the changes in the mean daily sodium excretion in the 
first three days of consecutive administration of the various agents used alone 
and in combination. The glucocorticoids induced no increase in sodium ex- 
cretion. Spironolactone increased the sodium excretion on the average, but a 
large group showed no response. Similarly, chlorothiazide or meralluride used 
alone caused little natriuresis in most patients, although a few responded. How- 
ever when a glucocorticoid was added to chlorothiazide, spironolactone, or 
meralluride there was a marked reduction in the number of patients who showed 
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CHANGE IN URINE VOLUME 
IN ML. PER DAY 


Ficure 2. Effects of various agents on urine volume in patients with cirrhosis of the 
liver. Each point represents the mean daily change in each patient during a 3-day treat- 
ment period compared to a base-line period. 
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CHANGE OF WEIGHT 
IN LBS. PER DAY 


Ficure 3. Effects of various agents on body weight in patients with cirrhosis of the liver. 
Each point represents the mean daily change in each patient during a 3-day treatment period 


compared to a base-line period. 
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no response, and the mean sodium excretion for the group rose to prone! 
significant levels, between 40 and 80 mEq./day. Also, when spirono actone 
was added to chlorothiazide or meralluride a marked potentiation of sodium 
excretion was noted. When a glucocorticoid and spironolactone were both 
added either to chlorothiazide or meralluride, a marked natriuresis was noted. 
The greatest mean daily excretion of sodium was noted with a glucocorticoid, 


spironolactone, and meralluride. 


G= GLUCO-CORTICOID 
S = SPIRONOLACTONE 
C= CHLOROTHIAZIDE 
M= MERALLURIDE 

FJ = MEAN + 2 SE. 


CHANGE IN POTASSIUM EXCRETION 
IN MEQ PER DAY 


Ficure 4, Effects of various agents on urinary potassium excretion in patients with cir- 
a of the liver. Each point represents a 3-day treatment period compared to a base-line 
period. 


Ficure 2 shows the changes in urine volume. Prednisone and methyl- 
prednisolone induced a definite increase in water excretion in most patients. 
This was a larger increase than that caused by spironolactone, chlorothiazide, 
or meralluride alone. When a glucocorticoid or spironolactone was added to 
the other three agents there was usually a potentiation of water excretion. 
When a glucocorticoid was added to the combination of spironolactone with 
chlorothiazide or meralluride the water excretion was again increased. The 
changes in weight presented in FIGURE 3 reflected the changes in urine volume. 

Three of the four agents caused a significant potassium loss, most marked 
with chlorothiazide (FIGURE 4). When administered alone, spironolactone did 
not significantly affect potassium excretion. On all of the various combina- 
tions used in this study there was a significantly elevated potassium excretion 
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over the base line values, and spironolactone had only a slight protective effect 
when combined with other agents. None of these agents used alone or in 
combination resulted in any significant change in the endogenous creatinine 
clearance. 

There were no significant changes in carbon dioxide combining power, serum 
chloride, and nonprotein nitrogen. Data on the 3-day changes in sodium and 
potassium are presented in ricuRES 5 and 6. Sodium concentration rose sig- 
nificantly with glucocorticoid alone and in combination with spironolactone, 
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Ficure 5. Effects of various agents on serum sodium concentration in patients with cir- 
thosis of the liver. Each point represents the change in each patient during a 3-day treat- 


ment period. 


and fell when glucocorticoid, spironolactone and chlorothiazide were given 
together. When spironolactone was given alone the serum potassium level 
rose by 0.34 + 0.17 mEq./l. (mean + 1 S.E., not quite significant), and it 
fell significantly on chlorothiazide and the combination of glucocorticoid and 


meralluride. 
Discussion 


Discussion of these data should be preceded by certain comments on the 
difficulties inherent in the evaluation of diuretic agents in man. Patients with 
fluid retention complicating cirrhosis vary greatly from day to day in their 
response to the same diuretic agent. A single day’s observation is not a valid 
assessment of the relative effects of different agents, and increasing resistance 
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complicates studies lasting longer than a few days.’ For these reasons a 3-day 
period was chosen. It is important to emphasize that differences in relative 
effectiveness may depend on whether or not the data are gathered during the 
period of maximum activity. For instance, chlorothiazide and the mercurials 
have a maximum effect in the first two days of continuous administration, 
while the peak effect of spironolactone and the glucocorticoids may not appear 
for two or more days. The effects of administering these agents for longer 
periods of time are currently being investigated. 


G=GLUCO-CORTICOID 
S = SPIRONOLACTONE 
C= CHLOROTHIAZIDE 
M= MERALLURIDE 
FJ=MEAN + 2 S.E. 


CHANGE IN SERUM POTASSIUM 
CONCENTRATION IN MEQ PER LITER (3 DAYS) 


Ficure 6. Effects of various agents on the serum potassium concentration in patients 


with cirrhosis of the liver. Each point represents the change in each patient during a 3-day 
treatment period. 


_ The data presented above would be more meaningful if all drugs were given 
in all combinations to all patients in a random manner, preceded by a suitable 
control period. This was not possible because of the different rates at which 
patients lost their fluid, and because there were occasionally marked changes 
in the capacity of an individual patient to diurese. Most. of the patients re- 
ceived multiple combinations of the drugs. 

Furthermore, the 36 patients included in this study represent a highly select 
population of cirrhotics. They had been transferred to the Lemuel Shattuck 
Hospital from other hospitals in the area because they failed to respond to the 
usual diuretic measures, and they were then moved to the metabolic ward for 
study only if they failed to respond significantly to a low-sodium diet plus 
mercurials or chlorothiazide. Although urinary levels of aldosterone were not 
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determined, it is probable that all the patients had severe secondary hyper- 
aldosteronism. 

The data offer some basis for speculation on the mode of action of these 
different diuretic agents. The glucocorticoids, prednisone and methylpredni- 
solone, significantly increase water and potassium excretion when given alone 
and potentiate sodium excretion without further increasing potassium loss 
when given with the other agents. The effects on water excretion in patients 
with cirrhosis have been pointed out before?! but have not been adequately 
explained. The increase in potassium excretion may be a manifestation of the 
“mineral-corticoid”’ or antianabolic effects of these agents. Potentiation of 
sodium diuresis when the glucocorticoids are given in conjunction with the 
more natruretic agents may be an indirect result of an increased glomerular 
filtration rate or decreased reabsorption of water in the proximal tubules. 
However, endogenous creatinine clearances in these patients do not support 
the theory that increased glomerular filtration rate accompanies glucocorticoid 
administration. A “feedback” decrease in aldosterone excretion with gluco- 
corticoid administration has been suggested!! but not confirmed.® 

The differences in the ratio of sodium to potassium excretion when spirono- 
lactone, chlorothiazide, or meralluride is given alone suggest a distinctly differ- 
ent mode of action for each. The first has a mild natruretic effect with no net 
change in potassium excretion; the second has a marked kaluretic action; and 
the third lies between spironolactone and chlorothiazide in its effects. 

It has been suggested that spironolactone protects patients against the ex- 
cessive kaluretic effects of chlorothiazide,” but this is not apparent from the 
data reported above. Except for spironolactone administered alone, all drugs 
and combinations result in a distinctly negative potassium balance. It is 
possible that with long-term therapy potassium loss per day may be less, but 
unpublished data from this laboratory indicate that most patients are still in 
negative potassium balance even when a high intake of potassium is maintained 
by supplements. 

These observations on the relative effects of the four agents alone and in 
combination have distinct practical implications. From the theoretical stand- 


“point the combination of three agents, a glucocorticoid to effect water excre- 


tion, chlorothiazide or its derivatives or a mercurial to effect sodium reabsorp- 
tion in the proximal tubule, and spironolactone to diminish sodium reabsorption 
in the distal tubule, should be most effective in diuresing the refractory patient. 
The advantage of three agents over two is not apparent in these 3-day studies, 
but longer courses of treatment have revealed a greater effect of the triple 
combination.“ For potentiation of sodium excretion, spironolactone is the 
drug of choice because of its minimal toxicity. In patients with dilutional 
hyponatremia the glucocorticoids are probably indicated. 


Summary 


(1) Patients resistant to single diuretic agents—glucocorticoids, chlorothi- 
azide, spironolactone, and meralluride—usually respond to any combination 
of two or more drugs having different modes of action. 
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(2) When used alone the major effect of the glucocorticoids was on water 
excretion; chlorothiazide had its largest effect on potassium excretion. 

(3) Combinations of two or more drugs resulted in significant losses of so- 
dium, potassium, and water. The predominant effect of spironolactone was 
on sodium excretion while the glucocorticoids induced greater water excretion. 
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THE USE OF THE NEWER DIURETICS IN THE TREATMENT 
OF CARDIAC DISEASE 


John W. Keyes and Gerald M. Breneman 
Division of Cardiovascular Disease, Department of Medicine, Henry Ford Hospital, Detroit, Mich. 


The introduction of chlorothiazide in 1957 was rapidly followed by that of 
several analogues of the benzothiadiazine series. Slight changes in basic struc- 
ture have been noted to alter markedly the potency of the drug, while less 
marked but definite changes occur in the electrolyte excretion pattern. One of 
the most significant of these changes has been the reduction in potassium ex- 
cretion with the trifluoromethyl derivatives. Hydrochlorothiazide, flumethia- 
zide, hydroflumethiazide, and benzydroflumethiazide, in addition to benzo- 
thiadiazine, are all potent oral diuretics, approaching the parenteral mercurial 
diuretics in effectiveness. While they are not as potent in single-dose adminis- 
tration as mercurials, they are superior to the mercurials for diuretic practice 
in many ways. ‘The practical and economic advantages of oral therapy are 
obvious. The drugs have been extremely well tolerated, have a low incidence 
of toxicity, remain effective on repetitive or continuous administration, produce 
increased sodium excretion and water loss, and tend to stabilize a patient who 
is accumulating edema fluid more readily than might the sporadic intermittent 
mercurial program. More recent derivatives are currently being evaluated in 
our clinical practice. 

All of these agents inhibit primarily the renal tubular reabsorption of sodium 
and chloride, with water loss occurring secondarily: an action similar to that 
of the mercurials. Increased potassium excretion caused by these agents has 
important clinical implications. Diuresis is initiated approximately 2 hours 
after an effective oral dose, and continues for 6 to 12 hours thereafter. 

These important advances in the field of diuretic therapy have not sup- 
planted the basic indications in the treatment of congestive heart failure, which 
continue to be digitalis, rest, and a reasonable reduction in the dietary intake 
of sodium. ‘These first measures suffice in many instances of early cardiac de- 


compensation. It also follows that when diuretics become necessary the choice 


of drug and dosage must be tailored to the needs of the individual patient. 
The use of the minimal effective dose will lessen the likelihood of undesired 
effects and, possibly, toxicity. A schedule of diuretic administration on one or 
two days of each week may keep a patient free of edema, while more advanced 
cases may necessitate a daily diuretic regimen. 
_ An additive effect may be observed by the concomitant use of one of these 
agents plus a mercurial diuretic. This has been useful in some cases of resist- 
ant congestive failure and in patients approaching the refractory phase of 
their disease. A few instances of gratifying results in these advanced cases 
have also been seen when a benzothiadiazine has been combined with adreno- 
cortical steroids or the spirolactones. 

The effective dose of chlorothiazide or flumethiazide is 1 to2 gm. daily in two 
divided doses. This results in a significantly greater diuresis than that pro- 
duced by a large single dose given once a day. If the second dose is given 
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late in the afternoon (about 4:00 p.m.) the peak diuretic effect is reached well 
before bedtime, and the patient is assured a good night’s rest. Comparable 
doses of hydrochlorothiazide and hydroflumethiazide are 100 to 200 mg. daily, 
again in divided doses. Benzydroflumethiazide in a dose of 5 mg. two to three 
times daily produces a maximal diuresis. 


Toxicity 

In the three years that these drugs have been used serious side effects have 
been minimal except in isolated cases of jaundice’ due to hepatotoxic injury, 
in severe skin eruptions similar to those seen in past years with thesulfonamides, 
and in serious electrolyte depletion. Mild gastrointestinal disturbances such 
as nausea and/or vomiting are infrequent and almost absent with the newer 
thiazides now available, although it was unusual to find them even with chloro- 
thiazide. Mild skin eruptions of a maculopapular type were seen in approxi- 
mately 1.5 per cent of cases treated with chlorothiazide. No such rash has 
occurred with benzydroflumethiazide. One case of true hepatotoxic liver 
injury with jaundice occurred in our experience, a case of congestive failure 
treated with one of the earlier thiazides. 

Our greatest problem, as should probably be expected, has been the produc- 
tion of electrolyte depletion. The development of mild to moderate hypochlo- 
remic alkalosis occurs in most cases, and does not pose any great problem. If 
moderately severe chloride depletion occurs, the diuretic effectiveness of the 
thiazides seems to lessen somewhat. Correction of this with ammonium chlo- 
ride combined with a carbonic anhydrase-inhibitor rapidly restores the chloride 
and carbon dioxide combining power to normal, and effective diuresis is re- 
sumed. This program has been found useful in maintaining thiazide or mer- 
curial effectiveness. Hyponatremia has not been a frequent effect. It seems 
most likely to occur in salt-depleted patients with severe liver or renal im- 
pairment or in the late stage of congestive heart failure. Occasionally a salt- 
losing nephropathy will be forced into hyponatremia by these drugs. Some 
type of severe metabolic disorder seems likely in most cases in which excessive 
sodium or potassium depletion occurs, and should be sought for at once if 
unusual depletion occurs. One such case occurring in one of our Sections of 
Medicine presented itself as a hypokalemic myopathy* with severe muscular 
weakness eventually causing actual paralysis. In this case severe potassium 
depletion occurring with chlorothiazide in a hypertensive patient caused a 
careful search to be made by her alert physicians resulting in the discovery of 
primary aldosteronism. Discontinuance of chlorothiazide resulted in improve- 
ment; the patient had discontinued therapy of her own accord. On reinstitu- 
tion of the thiazide muscular weakness again occurred, but she improved on 
supplementary potassium therapy. On discontinuing the potassium she again 
developed such severe muscular weakness that she was unable to stand or hold 
her head erect. Such magnitude of potassium depletion is rare in the ordinary 
therapy of congestive failure, but lesser degrees do occur not infrequently in 
advanced cases of congestive failure with severe hepatic or renal dysfunction, 
or both. Benzydroflumethiazide seems to have produced less potassium de- 
pletion than other drugs mentioned above (r1cuRE 1). 
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Digitalis intoxication and reduced tolerance of this drug for maintenance 
have seemed to occur more frequently in patients that are taking fairly large 
amounts of the thiazides continuously. This is especially true in advanced 
cardiacs in congestive failure and in elderly patients. 

Several other interesting effects of these agents have been reported recently. 
Ficure 2 depicts the hyperglycemic effects of chlorothiazide and benzydro- 
flumethiazide in a diabetic in congestive failure, on:a fixed dietary intake, and 
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Ficure 1. Effects of hydrochlorothiazide (50 mg. t.i.d.) and benzydroflumethiazide (5 
mg. t.i.d.) on serum chlorides and potassium in 24 cases after each three-day course of treat- 


ment. 


not taking insulin or oral antidiabetic drugs. Hyperglycemia has been a 
rare occurrence in all our diabetics treated with thiazides, and it is concluded 
that it is not a usual effect. However, it may occur and produce difficulty in 
a diabetic patient’s control. Speculation on its cause is not the aim of this 
presentation, and no doubt an answer is forthcoming in the near future. 
Despite the propensity of these drugs to produce an elevation of blood uric 
acid, they have not in our experience produced true gout except when a patient 
actually has had this metabolic disorder to begin with; in such a case thiazide 
may cause a real problem. Ficure 3 shows the effects of chlorothiazide in 
a case of true tophaceous gout. After stabilizing the uric acid levels and the 
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clinical manifestations of this particular case by appropriate therapy, the thia- 
zide produced a striking rise in the blood uric acid, with reactivation of acute 
gout symptoms. 

Refractoriness in Heart Failure 


In addition to the correction of many factors that contribute to this con- 
dition, such as inadequate digitalization, electrolyte depletion, marked ascites 
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Roe 2. Hyperglycemic effects in a case of diabetes mellitus after administration of a 
thiazide. 


and/or hydrothorax, the use of several agents that by themselves may not be 
considered diuretics may result in responsiveness produced by diuretic drugs. 
The agents are not always effective, but certainly are worthy of trial in such 
a situation. 

Corticosteroids of the newer types such as prednisone, prednisolone, and 
triamcinolone are effective in producing diuresis in some cases when used in 
conjunction with mercurials, and/or thiazides after these latter drugs have 
failed to work effectively. Triamcinolone, particularly, seems to work well. 
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HYPERURICEMIA IN GOUT PRODUCED BY CHLOROTHIAZIDE 
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Ficure 3. Effects of chlorothiazide on blood uric acid levels in a case of tophaceous gout. 
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Ficure 4. Case of refractory congestive heart failure, showing diuresis to mercurials and 
chlorothiazide after administration of an adrenocorticosteroid. 
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Ficure 4 shows a case of refractory congestive failure treated with this ma- 
terial. This class of steroid compounds seems to augment natriuresis rather 
than retention of sodium, as cortisone and hydrocortisone do. 

Spirolactones have recently been introduced for use in edema states to aug- 
ment sodium excretion by their antialdosteronal activity. In refractory heart 
failure heavy dosage of such material does result in increased sodium excretion, 
but is more effective if combined with thiazides or mercurial administration. 
It has not proved as successful in terminal congestive failure states as in ad- 
vanced cirrhosis with ascites, but it does afford the clinician an added mode of 
therapy for this condition and can be effective when other conventional therapy 
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FicureE 5. Case of refractory congestive heart failure treated wi i 
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has failed. FicurE 5 shows the use of SC 8109 in a case of refractory con- 
gestive failure, coupled with the use of a mercurial. The excretion of salt in 


this particular case is more striking than the weight loss achieved, but does 
substantiate the effectiveness of this compound. 


Summary and Discussion 


Experience with the different thiazide analogues has shown them all to be 
exceptionally good diuretic drugs. One of the latest, benzydroflumethiazide 
is a very potent sodium-blocking agent that has excellent diuretic effectivenest: 
There are seemingly minimal side effects with these compounds. Electrolyte 
depletion of potassium has seemed less than with other drugs. Drug tolerance 
does not occur and the blocking effect on tubular sodium reabsorption is con- 
tinuous. It is felt that these drugs should be given in the smallest effective 


doses necessary to achieve their purpose, and for as short a period of time as 
will maintain control of congestive failure. 
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All diuretic drugs are adjunctive in the control of edema in cardiac failure 
and are never used to supplant digitalis, salt restriction, and reduced physical 
activities. Some patients taking thiazide compounds can increase the salt 
intake even to normal amounts and still remain controlled, which is psycho- 
logically beneficial. 

Diuretic effectiveness may fail for various reasons; however, electrolyte 
depletion and failure to maintain adequate glomerular filtration rate seem to 
be chiefly responsible. Dilutional hyponatremia possibly induced by ex- 
cessive antidiuretic hormone activity in severe advanced congestive failure 
may be a serious and unrectifiable complication with the terminally exhausted 
myocardium. Hypochloremic alkalosis can usually be reversed, and true 
hyponatremia (salt depletion syndrome) can be restored with resultant di- 
uretic effectiveness. Potassium deficiency must be suspected in any patient 
with unusual muscular weakness, paresthesia, exhasution, or digitalis intoxi- 
cation. Metabolic causes of excessive potassium losses must be searched for. 
It is therefore mandatory to check serum electrolytes in patients receiving 
constant and heavy doses of these thiazide materials. 

While unusual side effects of these drugs do occur, and they may seem to have 
been overemphasized here, the conclusion remains that they may occur but 
are infrequent. They are presented to call attention to possible causes of 
trouble that may seem inexplicable to the practitioner unaware of their po- 
tentialities. 

The use of corticosteroids and aldosterone-blocking agents in refractory 
heart failure has been discussed for the purpose of pointing out that with the 
adjunctive use of thiazides or mercurials diuresis may be restored. 

It is felt that the thiazide drugs approach the mercurials in potency, but do 
not exceed them except, because of their low toxicity and repetitive action, in 
controlling and stabilizing the edema state in long-term diuretic therapy. The 
low cost and the high patient acceptance of oral medication of this type rates 
them as ideal diuretics. It is difficult to concede that more potent agents will 
be more beneficial unless they will be entirely free of the chief undesirable side 
effects. Effective research may produce some compound that will selectively 
block sodium reabsorption and cause excretion of free water, and yet be free 
of the serious electrolyte depletion problem. 


References 


1. Derup, A. L., W. A. ALEXANDER, G. D. Lump, A. J. Cummins & G. M. Crarx. 1958. 
Jaundice occurring in a patient treated with chlorothiazide. New Engl. J. Med. 259: 


34. 
2, es J. W., G. M. Breneman & H. Atvarez, Jr. 1959. Chlorothiazide and hydro- 
chlorothiazide in the treatment of congestive heart failure. Intern. Record Med. 172: 
e a E. H., H. E. Downs, L. Ricwarpson, J. B. Bryan & R. C. MELLINGER. 
The response to ACTH and spirolactone in primary aldosteronism. To be published. 
. Gorpner, M: G., H. Zarowrtz & S. Axcun. 1960. Hyperglycemia and glycosuria due 
to thiazide derivatives administered in diabetes mellitus. New Engl. J. Med. 262: 403. 
. Warsuaw, L. J. 1960. Acute attacks of gout precipitated by chlorothiazide-induced 
diuresis. J. Am. Med. Assoc. 101: 802. 3 i 
. Bryan, J. B. Use of aldosterone antagonists in primary and secondary aldosteronism. 
Henry Ford Hospital Division of Metabolic Disease. To be published. 


NAN on - W 


CURRENT CONCEPTS OF THE MECHANISMS 
OF HYPERTENSION 
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While problems concerned with the mechanisms responsible for experi- 
mental and secondary hypertension are germane to the topic, I shall direct my 
discussion to the knowledge and theories currently available about the cause of 
primary or essential hypertension. 

Essential arterial hypertension is a syndrome in which there are probably 
a number of disorders, each with a different cause for the elevated blood pres- 
sure. For instance, until very recently patients with hypertension secondary 
to adrenal cortical adenomas secreting aldosterone and those whose elevated 
blood pressure is due to unilateral kidney disease were included in the essential 
hypertension group. Because of the diverse characteristics of individual pa- 
tients with essential hypertension, it seems reasonable to conclude that there 
may be additional disease entities to be separated from the primary group. 

Increased total peripheral vascular resistance! and an increase in the force 
of cardiac contraction? are consistent findings in patients with essential hy- 
pertension; occasionally, however, an increase in cardiac output partially or 
completely explains the hypertension noted.? Whether these latter patients 
have hypertension at different (perhaps earlier) stages or whether the in- 
creased peripheral vascular resistance indicates that the cause for the blood 
pressure elevation is different remains uncertain. There does not appear 
to be a systematic or general increase in blood viscosity in hypertensive 
patients. 

The calculated peripheral vascular resistance increase is more or less evenly 
distributed over the various vascular beds except for the kidney where it 
is usually greater.2 Relying heavily on observations made in animals with 
experimental hypertensions, it has been noted that the resistance occurs in the 
arterioles, in the region of the precapillary sphincters, and perhaps in the ven- 
ules. Changes in the volume and capacity of the capillary bed, as suggested 
by findings in nailfolds of hypertensive patients, may play a role in the eleva- 
tion of blood pressure.® 

The search for the mechanism causing increased peripheral vascular resist- 
ance has moved in several directions. Epidemiologic evidence suggests 
that genetic factors are very important in the development of hypertension. 
Without a detailed discussion, it can be pointed out that records of individual 
families,® studies of large groups of families,’ and twin data’ all support the 
hypothesis that inheritance plays an important role in the pathogenesis of 
essential hypertension. Pickering and his associates have interpreted these 
data, together with those that they themselves have collected, as showing 
that blood pressure, particularly in the upper ranges, is inherited as a graded 
characteristic.® They have pointed out that among patients with primary 
hypertension there is no evidence that high blood pressure is qualitatively dif- 
ferent from normal blood pressure; in essence, the blood pressure distribution 
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curve of the population is a feature that must be considered in the same way 
that height and weight are noted. Environmental factors in a society may 
shift the entire distribution curve up or down and, indeed, may make secondary 
hypertension more or less common. 

The reaction to these ideas has been swift and various. Some investigators 
have categorically denied their significance. Several studies, by rearrangement 
of the original data and by the addition of other material, have demonstrated 
that, instead of the smooth bell-shaped frequency distribution curve originally 
observed, there is one with secondary peaks in the hypertensive range, even 
when patients with secondary hypertension are excluded.!° 

If Pickering’s concept, which seems reasonable to me, is correct, it needs 
much more supporting data. Armstrong, Peterson, and I have observed re- 
cently that, in a group of normotensive and mildly hypertensive persons with 
no evidence of secondary hypertension, salt-losing was fairly well correlated 
with blood pressure in both the normotensive and hypertensive range." There 
was no sharp line of demarcation between a “‘salt-loser” and a “‘nonsalt-loser”’ 
when blood pressure was considered. The salt-losing feature of the hyper- 
tensive may, then, be a graded nonqualitative characteristic—related only to 
blood pressure until secondary renal changes appear—rather than a unique 
characteristic of human hypertensive disease. 

Other similar evidence may favor credence, but pristine and precise epi- 
demiologic data are needed to offer the Pickering hypothesis positive support. 
If the hypothesis is correct, it may narrow the search for the cause of hyper- 
tension. It may then be asked what genetic factors cause the blood pressure 
to be higher in the upper end of the curve and also what predisposes these 
patients to have vascular hyperreactivity and early death. Physicians must 
also direct their attention to when and how “‘secondary”’ (possibly renal) hy- 
pertension augments this initial fault. 

It is traditional to consider the increased peripheral vascular resistance an 
expression of either chronic vasomotor change, such as might be engendered 
by anxiety or resetting of baroreceptors, or of circulating pressor materials, or 
of both. Structural changes in small blood vessels that might account for 
increased resistance early in hypertension have not been studied in detail, 
although there is evidence that such changes may occur.” 

Because most available evidence implicates vasomotor stimuli or pressor 
materials as the cause of the resistance change, I will now consider these. 

Many areas in the brain influence vasomotor activity. Most of these are 
interrelated and few can be described accurately as centers, since they are so 
poorly localized and defined. The medullary center is a representative area 
that influences blood pressure. Its connections can be demonstrated by its 
responses to stimuli from the cortex, thalamus, respiratory centers, central and 
peripheral chemo- and baroreceptors, and humoral agents. Impulses from 
these central pressor areas travel through fibers of the sympathetic nervous 
system both to the cells around blood vessels and to the adrenal medulla 
where they apparently cause the release of norepinephrine and epinephrine.” 

It is apparent that a sustained increase in vasomotor tone might be caused 
by increases in the number of afferent impulses to central pressor areas from 
the baroreceptor centers or from cortical stimulation. Widespread speculation 
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that a resetting upward of aortic arch and carotid body baroreceptors, causing 
blood pressure to be maintained at a higher level, might occur in human hy- 
pertensives, has followed the demonstration in animals that the high output 
hypertension caused by section of carotid sinus and depressor nerves is accom- 
panied by increase in peripheral vascular resistance.“* It is not possible to 
assess the importance of this mechanism in initiating hypertension at this time, 
but the likelihood that it is the sole factor responsible is remote, since neurogenic 
blockade will not lower blood pressure to normal in most patients with essential 
hypertension. That it may play a role in chronic hypertension has been sug- 
gested by the observation that patients successfully treated with drugs caus- 
ing a blood pressure fall to normal sometimes have a prolonged remission when 
the medicaments are discontinued.” 

The ability of emotional stimuli to alter blood pressure acutely is responsible 
for a great body of literature about the role of the central nervous system in the 
pathogenesis of essential hypertension. Several experiments have suggested 
that such stimuli may cause chronic blood pressure elevation in man, but the 
evidence that this is the primary defect in essential hypertension is not con- 
vincing. Pertinent literature of the Union of Soviet Socialist Republics, re- 
cently reviewed by Simonson and Brozek,}® is dominated by the theory that 
central nervous system stimulation is the primary defect in essential hyper- 
tension. Soviet investigators have compiled impressive experimental docu- 
mentation to support this concept. Many of their therapeutic efforts are 
directed to relief of this neurogenic disorder, but neither their results nor their 
experimental evidence do more than make this hypothesis an attractive pos- 
sibility. 

It is expedient only to acknowledge the possibility that a variety of humoral 
agents may initiate essential hypertension. Experimental and clinical ex- 
amples demonstrate that lack of,” excessive amounts of,'8 or imbalances of nor- 
mally occurring materials'® or new hormones’?! may produce hypertension. 
These endocrine defects arise from abnormalities in the adrenal medulla and 
cortex, the kidney, the liver, and the brain. The role of renal ischemia and 
renal pressor mechanisms in the production of human renal hypertension now 
seems reasonably secure. Recent studies demonstrate conclusively that re- 
moval of a diseased kidney relieves hypertension in man, although limitations 
of the procedure are not well understood. Whether the renal ischemia and 
the renin-angiotensin II system operate as primary factors in essential hy- 
pertension will not be settled finally until better angiotensin assay methods 
are developed, or until the cause is found elsewhere. Because of the similarity 
between experimental renal hypertension and the essential variety of man, it 
is conceded by many (but not proved) that renal pressor systems may help 
maintain blood pressure in the chronic stage. This is supported by the ob- 
servation that angiotensin II has been identified in the blood of some, but not 
all, patients with severe hypertension.” 

That dietary factors might be responsible for hypertension is an old hypoth- 
esis. Excesses of salt have attracted much attention in this regard since ex- 
peubental hypertension may readily be produced in some species by this 
means. The observations of Dahl and Love on the relationship between 
salt consumption and blood pressure levels and several epidemiological studies 
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that demonstrate that hypertension is prevalent in areas of the world where 
salt consumption is high tend to implicate this substance in the development 
or perpetuation of the disease. Other abnormalities, such as the salt-losing 
characteristic of hypertensives and the elevated serum sodium in hypertensives 
reported by some,” leave little doubt that salt metabolism is altered in many 
persons with high blood pressure. It is not clear how sodium excess causes 
hypertension in animals. It is possible that it occurs when penetration of 
cells by increased amounts of sodium ions causes either swelling of blood vessel 
cells or enhanced reactivity to normal stimuli and increased peripheral vascular 
resistance.” If salt excess is a pathogenic factor in essential hypertension, 
it probably operates through and in conjunction with hormones of the adrenal 
cortex, chiefly aldosterone. Therapeutic successes with diuretics and low 
salt diets have enhanced interest in the role of sodium in the development of 
hypertension. Evidence available, however, favors the view that defects 
in sodium metabolism are secondary in human essential hypertension. 

Mendlowitz et al.?* have proposed an interesting hypothesis of the genesis 
of primary hypertension that permits correlation of these several factors. By 
measuring the ‘‘work of constriction” in the digital circulation in different cir- 
cumstances, these investigators concluded that the vasoconstriction of patients 
with essential hypertension is actually due to the hypersensitivity of the blood 
vessels to normal discharge of norepinephrine. By deductive reasoning they 
have implicated as a cause of primary hypertension a deficiency of O-methyl 
transferase, one of two enzymes that inactivate norepinephrine. Mendlowitz 
has suggested that this deficiency may be an inborn error of metabolism, which 
would explain the aggravation of hypertension by emotional factors and its 
amelioration by factors that block nerve impulses and render infused norepi- 
nephrine less potent. As noted, it would not preclude the contribution of 
renal or other factors to the primary defect, late in the disease, when arterio- 
and arteriolosclerosis have made their appearance. 

In conclusion, recent developments support the hypothesis that genetic fac- 
tors are responsible for the initial defect in many patients with recognized es- 
sential hypertension. This deficit apparently produces vascular hyperreaction 
as one of its important functions. On this foundation of hyperreaction, a 
variety of dietary, hormonal, and neurogenic factors interact to raise blood 
pressure and peripheral vascular resistance. Eventually (although perhaps 
early) arterio- and arteriolosclerosis develop, ischemia of tissue occurs, and 
secondary hypertension is superimposed on the primary vascular defect. 

Admittedly such a view of the pathogenesis of essential hypertension is over- 
simplified and narrow. Nevertheless, such ideas, if not held too rigidly, may 
provide the framework for eventual understanding and solution of the problem. 
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PATHOLOGY OF HYPERTENSION 


Joseph E. Imbriglia 
Department of Pathology, Hahnemann Medical College and H ospital, Philadelphia, Pa. 


Essential hypertension manifests itself as a generalized disease of the vascu- 
lar system including the myocardium. One is apt to lose sight of this fact 
due to the spectacular lesions that can be demonstrated in certain target organs 
namely the heart, the brain, and the kidneys. 

Morphologically, the effects of hypertension are manifested chiefly in the 
small arteries and arterioles of the heart, brain, and kidneys. In 2597 fatal 
cases reviewed by Clawson (1941), death was attributed to myocardial insuffi- 
ciency in 43 per cent, to coronary artery disease in 36 per cent, to cerebral 
hemorrhage in 14 per cent, and to renal insufficiency in 7 per cent. Therefore 
patients with essential hypertension will most often succumb to either heart 
failure or hypertensive encephalopathy with cerebral hemorrhage. 


Pathology of the Heart 


Even when the major burden falls elsewhere, hypertensive patients show 
some degree of cardiac pathology at the post-mortem table. 

In essential hypertension the striking feature is concentric cardiac hyper- 
trophy, which is a constant finding. The first effect on the heart is left ven- 
tricular hypertrophy; subsequently with progressive disease there is seen right 
ventricular hypertrophy. With supervening cardiac failure, the cardiac cham- 
bers are dilated with hypertrophy of all the walls. The heart weight usually 
exceeds 500 gm. ‘The papillary muscles of the left ventricle become hyper- 
trophic while the interventricular septum impinges on the right ventricular 
cavity. The endocardium is characterized by grayish-white flecks of fibrosis 
(FIGURE 1). 

Histologically the myocardium is characterized by an increase in the size of 
the individual muscle fibers (Gould, 1952). The cell nuclei also increase in 
size while demonstrating varying degrees of pleomorphism. There is also 
noted a diminution in the number of arterioles and capillaries of the myocar- 
dium. Focal areas of fibrosis are scattered through the myocardium, particu- 
larly in the anterior wall of the left ventricle and in the interventricular system. 

The coronary arteries show atherosclerosis of varying severity. 


Pathology of the Small Arteries and Arterioles 


The lesions of essential hypertension are confined to the small arteries and 
arterioles where the greatest pressure gradient in the circulation occurs. These 
vessels measure less than 100 uw in diameter. It must be emphasized that the 
vascular changes to be described affect all the arteries and arterioles of the 
body. ‘There are, however, variations in the susceptibility of the vasculature 
of different organs to this disease. The kidney is the most susceptible, but the 
myocardium, brain, adrenal glands, pancreas, gall bladder, and intestines are 


also affected. : 
Four chief types of arteriolar lesions are noted in essential hypertension, 
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depending on the time of onset, duration, and severity of the disease. These 
lesions may be classified in order of increasing severity as arteriolar spasm, 
arteriolar hypertrophy, arteriolar fibrosis, and arteriolar necrosis. 


Arteriolar Spasm 


The first physiological response to the internal stress of hypertension is 
spasm of the arteriole. Sommers and his associates (1958), in a recent study 
of renal biopsy material, have shown that the first change occurring in the arte- 
rioles of the hypertensive is an abnormal concentric overlapping of normal- 
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Ficure 1. Concentric hypertrophy of the heart in essential hypertension. 


appearing smooth muscle cells that make up the arteriole walls. This mor- 
phological change in the wall of the arteriole was inferred to be spasm. On a 
control series of 12 kidney biopsy specimens removed for diagnostic purposes 
in normotensive individuals, this change was noted only once. 


Arteriolar Hypertrophy 


With continuing stress the small arteries and arterioles respond by prolifera- 
tion of the endothelial cells and subendothelial connective tissue, reduplication 
of the internal elastic lamina, hypertrophy of the smooth muscle fibers of the 
media, and the formation of new musculoelastic fibers (FIGURE 2). This 
hypertrophic picture is identified by a concentric laminated pattern, alsoknown 
as the “‘onion-skin” appearance of the arterioles. These ghanges are not 
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dissimilar to changes seen during the physiological growth of arteries during 
the first several years of life. 

A comparable histological picture is also noted in the pulmonary vasculature 
when pulmonary hypertension has supervened due to either congenital or 
acquired valvular heart disease. This type of lesion in the arteriolar bed 
suggests hypertrophy in the face of excessive strain. 

With the continued stress of hypertension the arteriolar walls begin to 
undergo degenerative changes. The commencement, distribution, and severity 
of these changes vary as to the duration and clinical cause of the disease. 


Ficure 2. Arteriolar hypertrophy. Note subintimal connective tissue proliferation, 
-reduplication of internal elastic lamina, and hypertrophy of smooth muscle of media. 


Again it must be emphasized that the degenerative process occurring in the 
arteriolar bed is generalized but is best demonstrated in the interlobular 
arteries and the glomerular afferent arterioles of the kidney. 


Arteriolar Fibrosis 


The degenerative process of fibrosis is characteristic of essential hypertension 
and is of slow evolution. The vascular walls become thick and fibrotic, caus- 
ing marked narrowing of the lumens (FIGURE 3). The vascular fibrosis arises 
from the subintimal region and eventually obliterates the muscularis, causing 


Ai ~ complete loss of underlying cellular detail. 


The arteriolar thickening is identified by a homogeneous collagenous thick- 
4 ening of the arteriolar walls. This type of vascular change affects-all the small 
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i i i i f susceptibility of 
d arterioles of the body, with varying degrees 0 t 
fee ore. The kidney seems to be the most sensitive to this type of 
alteration, but the vessels of the myocardium, brain, adrenal glands, pancreas, 
gall bladder, and intestines are also affected (Moritz and Oldt, 1937). 


Arteriolar Necrosis 


Arteriolar necrosis is a characteristic lesion in severe hypertension and may 
be regarded as a pathognomonic post-mortem sign that hypertension was 
present during life. It takes place in vessels where, owing to rapidly rising 


Ficure 3. Arteriolar fibrosis. Note the thick and fibrotic walls, causing narrowing of 
the lumens. 


hypertension, there has been insufficient time for the arteriolar wall to thicken. 
In 97 per cent of cases it affects a considerable number of the glomerular affer- 
ent arterioles of the kidney, and is common in the vessels lying in the peri- 
adrenal fat and in the adrenal cortex. There is swelling, starting under the 
intima of the whole arteriolar wall, which eventually becomes replaced by a 
hyaline, eosinophilic structureless material containing, in the early stage at 
least, an appreciable quantity of lipoid (rFIcuRE 4). At various points along 
its length, plasma and blood cells are forced into the weakened degenerated 
wall as minute dissecting hemorrhages. Cellular proliferation around the 
lesion may develop, and a histological picture similar to that seen in polyar- 
teritis nodosa may develop. The lumen of the vessel is slowly occluded. 
The process starts abruptly at the origin of the vessel from the interlobular 
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artery and spreads toward the glomerulus, eventually involving its whole 
length. Necrotizing changes are frequently seen in the vessels of skeletal 
muscles, the adrenal glands, the pancreas, and the liver. 

These degenerative features resemble closely the fibrinoid changes seen in 
diseases such as rheumatic fever, polyarteritis nodosa, and lupus erythematosus 
disseminatus, which are generally thought to be states of altered reaction, or 
of hypersensitivity. 

Z This lesion has been frequently observed in animals in which severe degrees 
of hypertension have been induced experimentally; it may arise in the course 


HR 


\ 


“ 


w% 


4 


‘ 


iad A Sess 


Ficure 4. Arteriolar necrosis. Replacement of arteriolar wall by fibrinoid. 


of a few days. As it may be safely assumed that in these animals the vessels 
were normal before the experiment, it is very probable that the changes found 
are the direct mechanical consequence of high tension on the arteriolar walls. 

Kernohan ef al. (1929), in an attempt to show that there were common 
features in the small arteries and arterioles in various organs and tissues of 
_ patients with hypertension, excised portions of the pectoralis major in a series 
of 53 hypertensive patients. They determined in histological sections the 
average ratio of the thickness of the arteriolar walls to the diameter of the 
lumen. The normal average was 1:2. In hypertensives the figure varied 
from 1:1.4 to 1:1.1, the variation being proportional to the severity of the 


disease. oe 
Several years later, Morlock (1939) made a histological study of the arterio- 
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lar bed of the liver, pancreas, spleen, and the gastrointestinal tract of normo- 
tensive and hypertensive patients. He established that there are no changes 
in ratio as a result of increasing age. Marked thickening of the arteriolar 
wall and reduction of the ratio of wall to lumen, as compared with the normal 
ratio, were noted in hypertensive patients. He therefore obtained results — 
similar to those previously found in the arterioles of striated muscle, and a 
similar variability with the severity of the disease. 

The results of these histological studies emphasize that there exists a diffuse 
lesion of the arteriolar bed associated with hypertension. 

This lesion, causing a restriction of the blood supply to the various tissues 
and organs of the body, is followed by degenerative changes of the parenchyma, 
fibrosis, and atrophy, leading to gradual failure of certain organs, notably the 
heart, the brain, and the kidneys. With failure of the heart there is cardiac 
failure or myocardial infarction; with failure of the brain, atrophy and hem- 
orrhage; and with failure of the kidney, there is uremia. 
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NEWER BIOCHEMICAL APPROACHES TO THE TREATMENT 
OF HYPERTENSION 


Albert Sjoerdsma 


Section of Experimental Therapeutics, National Heart Institute, 
Public Health Service, Bethesda, Md. 


Most of the antihypertensive drugs in current use are products of pharma- 
cological screening programs in animals. Even so, the limitations of this 
approach are frequently discussed and are reflected by the large number of 
“dead” drugs that have resulted from such programs. The need for improved 
screening techniques and the desirability of discovering other bases for the 


development of new antihypertensive drugs is apparent. 


An approach that has interested us is a fundamental biochemical one con- 
sisting of the induction of alterations in the formation and degradation of 
aromatic amines in man and studying the biochemical and physiological 
effects. Actually, it is tempting to suppose that an elevated level of pressor 


ES amine(s) is involved in the hypertensive process itself. While this is obviously 


the case in patients with pheochromocytoma, no convincing data to support 
this supposition has been obtained thus far in patients with essential hyper- 
tension. However, with increased knowledge of the biochemical processes 
involved in amine metabolism it has become possible to manipulate tissue levels 
of amines in patients. This has led to the discovery of compounds with anti- 
hypertensive actions that often had not been observed previously in animal 


studies. 


Three major processes are involved in the metabolism of the aromatic amines 
including phenylethylamine, tyramine, the catecholamines, tryptamine, and 


__ 5-hydroxytryptamine (serotonin): 


will be discussed subsequently. 


accumulation of tissue amines. 


inhibitors. 


Monoamine Oxidase Inhibitors 
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| A systematic investigation of the biochemical and physiological effects of 
MAO inhibitors in patients with hypertension was begun in our laboratory 
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(1) In each instance, synthesis is accomplished by the decarboxylation of an 
aromatic amino acid. Inhibition of the decarboxylation might be expected 
to result in a decreased synthesis of the amines; compounds with this property 


(2) While alternate pathways exist for the enzymatic inactivation of some 
of the aromatic amines, oxidative deamination by monoamine oxidase (MAO) 
leading to an acid metabolite is important in each case. Many MAO inhibi- 
tors have been developed which, on administration to animals, lead to an 


(3) The other mechanism of amine inactivation, that of storage in tissues, 
is under active investigation in many laboratories. It is likely that blood pres- 
sure-lowering properties of the Rauwolfia alkaloids and certain newer syn- 
thetic analogues are mediated by an interference with mechanisms of storage 
in tissues. The discussion here will be restricted to MAO and decarboxylase 
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in 1957. Postural hypotension was known to be a frequent effect of iproniazid 
administered to psychiatric patients. The circumstance of blood pressure- 
lowering by a drug that also produces increased tissue levels of amines such as 
norepinephrine constituted an intriguing paradox. Methods were developed — 
for measuring MAO inhibition in man so that the relationship to blood pressure 
changes might be determined. The first method resulted from the finding that 
serotonin could be fed safely to patients and was largely excreted in the urine 
as its MAO metabolite, 5-hydroxyindoleacetic acid (5-HIAA). A decreased 
excretion of 5-HIAA after administration of an arbitrary dose of serotonin 
(usually 20 mg.) afforded an index of MAO inhibition by a drug.’ A simpler 
test resulted from the realization that if an amine was completely dependent 
on MAO for its metabolism, MAO inhibition would result in elevated excretion 
of amines which accumulate in the body as a whole or, possibly, in the kidney 
only. Using MAO inhibitors as biochemical tools in man, it was possible to 
show an elevated urinary excretion of many amines in patients.”* Measure- 
ments of urinary tryptamine afforded a convenient index of MAO inhibition 
in man.* 

The first MAO inhibitor studied, 6-phenylisopropylhydrazine (JB-516, 
Catron), was known to be a pressor agent in the dog and thus was made avail- 
able chiefly for “biochemical” purposes. It was found to be a potent hypo- 
tensive agent as well as an enzyme inhibitor in human hypertensives.® In- 
hibitors studied subsequently include nialamide (Niamid), phenelzine (Nardil), 
tranylcypromine (SKF-385, Parnate) and serine-N?-isopropylhydrazide (RO- 
4-1038). The administration of each of these drugs to hypertensives was 
found to produce a marked rise in urinary tryptamine as well as a decrease in 
blood pressure, most marked in the standing position. Initially it was thought 
that administration of nialamide did not produce lowering of blood pressure. 
However, when large doses (300 to 500 mg./day) were administered, a blood 
pressure effect was observed. Favorable results have been reported recently 
of the use of nialamide given with chlorothiazide in hypertension.6 The most 
potent and uniformly effective agent in our studies has been Catron. Toxic 
effects on the eye in several patients, however, has led to a severe curtailment 
of its use. Continued study of this class of compounds in hypertension is 
warranted for two reasons: (1) their property of producing mood elevation is 
quite useful in some cases and is unique among antihypertensive drugs, and 
(2) the actions on the autonomic nervous system are of a rather pure sym- 
patholytic type and give minimal evidence of parasympathetic-blocking effects. 
ee orem effect of these drugs due to inhibition of MAO? 
Mares ieee urinary Pade sak in our studies did not correlate pre- 
ee Rae Sine effects, the fact that all these compounds have both 
ere tet nt Me S a connection between them. Of several possible 

it might mediate postural hypotension only two of those that 

have been considered will be mentioned here. 
a oe, aie ee of Se the precursor of norepinephrine. 
coe eee a hie ae ‘or MAO and is a depressor agent in some 
eas fy Biss Rac eae was infused in human subjects, a pressor 
Sey ng alana was potentiated by MAO inhibitors.” Since 
pressor agent, however, it could be argued that excess 
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dopamine might compete with norepinephrine at receptor sites and result in a 
lowering of blood pressure during standing. 

The other mechanism, one for which good evidence has been obtained, is 
that of sympathetic ganglion blockade. Gertner® reported that perfusion of 
MAO inhibitors into the superior cervical ganglion of the cat markedly de- 
creased the effects of preganglionic stimulation on the nictitating membrane. 
In studies in the intact dog and cat, Goldberg and DaCosta® found that large 
doses of iproniazid and harmine given intravenously produced sympathetic 
blockade, transmission through parasympathetic ganglia being unaffected. 
The question arises whether some amines, metabolized normally by MAO, 
might accumulate at the ganglion or in sympathetic nerves after enzyme in- 
hibition and interfere with transmission. Gertner et al.!° have reported that 
serotonin appears in the perfusate from the isolated cervical ganglion after 
perfusion with iproniazid. Since Trendelenberg! has demonstrated that sero- 
tonin facilitates transmission through the superior cervical ganglion of the cat, 
it is conceivable that the amine normally plays a role in ganglionic transmission. 
Thus, while interaction with serotonin or other amines in sympathetic ganglia 
or nerves is possible, further studies are required to determine whether this is 
simply in the nature of pharmacological antagonism or is related to enzyme 
inhibition. 

Decarboxylase-Inhibitors 


A number of compounds have been shown to inhibit aromatic amino acid 
decarboxylation in vitro and in vivo in animals.”"8 ‘The compound selected 
for administration to humans was a-methyl-3 ,4-dihydroxy-p1-phenylalanine 
(a-methyl-dopa). This compound was synthesized by G. A. Stein and K. 
Pfister, of the Merck Institute, Rahway, N. J., and was found to be a competi- 
tive inhibitor of dopa decarboxylation in vitro by Sourkes in 1954.7 Although 
the compound produced no striking pharmacological effects when injected 
into animals, its ability to block decarboxylation im vive could be shown phar- 
macologically. Dengler and Reichel" reported in 1958 that pretreatment with 
a-methyl-dopa blocked the pressor effect of dopa in the spinal cat and the 


a depressor effect in the guinea pig. Similarly, Westermann ef al." showed 


that the bronchoconstriction produced by the serotonin precursor 5-hydroxy- 
tryptophan in guinea pigs and the central excitation it produced in mice were 
prevented by pretreatment with a-methyl-dopa. Goldberg et al.16 have found 
that increments in heart contractile force produced by 10 to 20 mg./kg. in- 
travenously of 1-dopa or Di-metatyrosine in the dog are completely inhibited 
by pretreatment with 100 to 200 mg./kg. of a-methyl dopa. Westermann and 
his associates!® also presented biochemical evidence that 5-HTP decarboxylase 
and dopa decarboxylase might be identical. From recent studies of purified 
enzyme preparations Udenfriend et al.” concluded that a single enzyme might 
be responsible for all aromatic amino acid decarboxylations. 
It was decided to determine whether evidence of decarboxylase inhibition 
by a-methyl-dopa could be found in man. At this time a report by Smith® 
described decreases in brain and intestinal serotonin of mice following repeated 
injections of 400 mg./kg.a-methyl-dopa. Because of the large doses required 
to induce amine changes in these experiments, doses of 1 to 2 gm. were used 
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in our patients even in initial studies, in the hope of producing biochemical 
panei petals of four different amino acids were investigated in 
hospitalized patients with essential hypertension. These were tyrosine—tyra- 
mine, tryptophan—tryptamine, dopa—dopamine — and art sk 
The technique used was to administer the amino acid orally or intravenously 
and to evaluate the extent of its decarboxylation by measuring the amount of 
the corresponding amine excreted in the urine during the following 8 hours. 
After control measurements were made, each study was repeated during the 
administration of a-methyl-dopa, a single 2.0-gm. dose of the inhibitor being 
given orally 2 hours prior to the administration of the amino acid. As de- 
scribed in detail elsewhere by Oates ef al.,!° administration of a-methyl-dopa 


TABLE 1 


Errect OF a-METHYL-Dopa* ON LEVELS OF URINARY 5-HyDROXYINDOLES IN 
PATIENTS WITH CARCINOID 


Compound Case no. a During a-methyl-dopat 
1 635 182 
2 540 198 
5-HIAA 3 55 30 
4 87 65 
5 944 929 
Serotonin 3 24 7 
1 <i a2 
2 8 52 
5-HTP 3 18 44 
4 = | <A 
5 <1 ca. 222 


* Four to 6 gm./day. 
Tt Values are averages of at least 3 determinations. 


resulted in a marked decrease in the quantity of amine excreted following each 
amino acid. The percentage inhibition produced was in the range of 50 to 
80 per cent. 

To obtain additional evidence of the biochemical effects of a-methyl-dopa 
in man, the compound was administered to patients with malignant carcinoid 
and pheochromocytoma. Some of the chemical changes observed in carcinoid 
are summarized in TABLE 1. In three of these patients (Cases 1 to 3) the in- 
hibition of 5-HTP decarboxylase was shown convincingly. In addition to a 
decreased excretion of 5-HIAA, there was an increased excretion of 5-HTP, 
reflecting accumulation of this precursor in the body. The patient in Case 3 
had a greatly elevated urinary excretion of serotonin, which was also decreased 
during treatment with a-methyl-dopa. In Case 4 a moderate decrease in the 
excretion of 5-HIAA occurred, and in Case 5, in which 5-HIAA values were 
as high as 1.0 gm./day, there was no detectable effect. In the last case the 
agent may have been poorly absorbed from the intestine, since the patient 
had severe diarrhea. Two patients with pheochromocytoma were studied by 
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J. Richard Crout, of our section; a significant decrease (average, 30 per cent) 
in the excretion of catecholamine metabolites occurred during administration 
of a-methyl-dopa. 

It was noted even in the first experiment in man that inhibition of decar- 
boxylation by a-methyl-dopa was accompanied by pharmacological effects. 
These consist chiefly of postural lowering of the blood pressure and sedation. 
Therefore the compound was evaluated as a possible therapeutic agent in hy- 
pertension. The results of these studies are presented elsewhere in this mono- 
graph by L. Gillespie. In a large group of patients with various disorders the 
central effects have occurred consistently during the first 48 to 72 hours of 
treatment, but have diminished markedly thereafter. It is our impression 
that subtle effects, best described as tranquilization, persist in most patients 
during continued treatment. The lowering of blood pressure, most marked 
with the upright position, was observed in the carcinoid patients also and, with 
the exception of Case 1, limited the daily dose that could be administered to 
4 to 5 gm./day. Therapeutic results in carcinoid patients are as yet incon- 
clusive. Definite moderation of flushing was observed'in Cases 1 to 3, in Case 
4 the patient was relatively asymptomatic, and in Case 5 flushing was unal- 
tered. Diarrhea was a prominent symptom in Cases 1 and 5, but was not 
altered significantly by treatment. a 

These preliminary findings in man are of sufficient interest to warrant evalu- 
ation of a-methyl-dopa as a therapeutic agent in mental disease, hyperten- 
sion, and disorders characterized by a relative or absolute excess of aromatic 
amines. Furthermore, it is important to ascertain whether the pharmacologi- 
cal effects of the agent are due to decarboxylase inhibition. Study of other 
decarboxylase inhibitors may be required to determine this. Experiments by 
S. Udenfriend and his associates (personal communication, 1960) and by C. C. 
Porter and L. S. Wilson (personal communication, 1960) in guinea pigs, rats, 
and mice suggest that, in addition to a depletion of amines by blockade of syn- 
thesis, a-methyl-dopa and related compounds may act on the storage mecha- 
nism as well. The decline and recovery of brain serotonin after single doses of 
a-methyl-dopa were found to occur over a period of several hours, and paral- 
leled changes in brain decarboxylase activity. However, depletion of cardiac 
and brain norepinephrine persisted up to 72 hours and was maximal even after 
decarboxylase activity had returned to normal and the inhibitor had disap- 
peared from the tissues. It is reasonable to speculate that the sedation and 
reduction in standing blood pressure produced by a-methyl-dopa in man are 
related to reduced levels, respectively, of serotonin in the brain, and of norepi- 
nephrine in the sympathetic nervous system. Careful studies correlating the 
pharmacological and biochemical effects in laboratory animals and in patients 


will undoubtedly clarify the problem. 


Summary 


The thesis of this report is that new antihypertensive agents may be dis- 
covered on the basis of their inhibiting biochemical processes involved in the 
metabolism of aromatic amines. In the case of agents of this type, pharma- 
cological studies in animals often have not been reliable in predicting blood 
pressure-lowering actions in man. The monoamine oxidase inhibitors repre- 
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sent one example of this. Another is indicated by recent studies with an in- 
hibitor of aromatic amino acid decarboxylase, a-methyl-dopa. 
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PHARMACOLOGICAL CONSEQUENCES OF SELECTIVE DEPLETION 
OF CATECHOL AMINES BY ANTIHYPERTENSIVE AGENTS 


B. B. Brodie and R. Kuntzman 
National Heart Institute, Public Health Service, Bethesda, Md. 


Most hypotensive agents interfere with the functioning of the sympathetic 
nervous system in one of several ways: (1) the action of norepinephrine re- 
leased at nerve endings may be inhibited (adrenergic blockade); (2) the flow 
of nerve traffic in sympathetic nerves may be reduced by suppressing central 
sympathetic centers (central adrenergic blockade); (3) the flow of sympathetic 
traffic may be reduced by blocking peripheral autonomic ganglia; and (4) 
chemical sympathectomy may be produced by making norepinephrine un- 
ayailable at sympathetic nerve endings, either by depleting the catechol amine 
stores, or by preventing the release of the amine by a nerve impulse. This 
paper concerns compounds in the latter category. 


Rauwolfia Alkaloids 


Reserpine and other Rauwolfia tranquilizing agents were at first thought to 
lower sympathetic tone by decreasing the activity of sympathetic centers in 
the central nervous system. This view was a logical one, since reserpine 
depletes norepinephrine stores in the brain. Carlsson et al.! were the first to 
note that reserpine releases catechol amines from peripheral tissues as well as 
from the brain, and they suggested that the cardiovascular responses to reserpine 
might be due, in part, to the loss of the transmitter at peripheral nerve endings. 
Thus after the injection of large amounts of reserpine into rabbits and cats, the 
peripheral sympathetic system does not operate.’ As a result, ganglionic 
stimulants such as tetramethylammonium or nicotine do not raise blood pres- 
sure but, in fact, may lower it, while ganglionic depressants such as tetra- 
ethylammonium do not lower blood pressure.? In addition, electrical stimu- 
lation of sympathetic nerves fails to induce tachycardia’ and a rise in blood 
pressure? Moreover, the pressor effects of administered norepinephrine are 
enhanced.> Recently Burn and Rand® reported that reserpine depletes nor- 
epinephrine from arterial walls so that nicotine no longer constricts arteries by 
the local release of catechol amines. 

It is not generally appreciated, however, that reserpine, in small doses, can 
lower blood pressure and release most of the peripheral norepinephrine with- 
out producing sedation or measurably affecting the content of brain norepi- 
nephrine or serotonin. A far greater separation of peripheral and central 
effects is attained with syrosingopine (Ciba). This carbethoxy analogue of 
reserpine has been shown by Plummer et al.” to lower blood pressure in non- 
sedative doses. Injected intravenously into rabbits, reserpine and syrosingo- 
pine are equally active in releasing heart norepinephrine; 25 ug./kg. of either 
drug completely depletes the catechol amines from the heart without appre- 
ciably lowering the levels of norepinephrine or serotonin in the brain. How- 
ever, with increasing doses of reserpine there is a progressive decline in brain 
amines; a 50 per cent loss is induced with 100 ug./kg. of reserpine and almost 
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complete loss with 800 ug./kg. In contrast, 500 ug./kg. of syrosingopine pro- 
duces little decline in the content of brain amines, and 800 ug./kg. depletes the 
brain amines by 50 per cent. Correspondingly it takes about eight times as 
much syrosingopine as reserpine to produce sedation. Thus the range of 
doses over which syrosingopine depletes heart norepinephrine without produc- 
ing sedation is much wider than with reserpine. _However, large doses (4.5 
mg./kg.) of the drug elicit characteristic reserpinelike effects, including seda- 
tion with active closure of eyelids and decreased locomotor activity. 

The effects of 50 wg./kg. of syrosingopine are not cumulative when the drug 
is given daily for 10 days; correspondingly no sedation and only a small de- 
cline in the content of brain amines are induced. In contrast, a single dose 
of 50 wg./kg. of reserpine depletes the content of brain norepinephrine and 
serotonin to about 60 per cent of normal; the same dose given daily for four 
days further depletes brain amines and produces progressively deeper seda- 
tion. Both drugs completely deplete heart norepinephrine with the first dose 
and maintain the depletion over the 10-day period.§ 

The cardiovascular effects of the chemical sympathectomy induced by 
syrosingopine were determined in dogs, injected intravenously with 0.5 mg./kg. 
of the drug. This dose depletes most of the heart norepinephrine, but does 
not affect brain amines nor induce overt sedation; in contrast, the same dose 
of reserpine elicits marked sedation. Syrosingopine liberates some serotonin 
from platelets and intestine, although much less than that liberated by reser- 
pine. 

The mean arterial pressure of the dogs (anesthetized with pentobarbital) 
falls gradually, and in about four hours averages 44 mm. Hg below that of the 
control group. In addition the mean heart rate is lowered by about 40 per 
cent. The pressure responses to carotid occlusion and to stimulation of the cen- 
tral end of the cut vagus is reduced by about 70 per cent. These effects were 
shown to be a result of the inactivation of the peripheral sympathetic system. 
Thus adrenalectomized animals do not show a pressor response to tetramethyl- 
ammonium; rather they show a depressor response. Furthermore, the re- 
sponse to electrical stimulation of the celiac ganglion is reduced by about 65 
per cent. 

Another similarity between the effects of syrosingopine and of sympathec- 
tomy is the enhanced cardiovascular responses to administered norepinephrine, 
both in heart rate and in blood pressure. In fact norepinephrine increases 
the heart rate of drug-treated animals in doses that do not increase the heart 
rate in control animals. It may be concluded from these results that the 
cardiovascular effects of both syrosingopine and reserpine may be due to the 
loss of norepinephrine at peripheral nerve endings. The question arises 
whether reserpine, like chlorpromazine, also depresses central sympathetic tone. 
Evidence supports the view that the action of reserpine on the sympathetic 
nervous system Is a completely peripheral one. For example, tetrabenazine, 
a benzoquinolizine derivative having reserpinelike activity, releases brain 
serotonin and norepinephrine, but does not deplete the peripheral amines.° 
Correspondingly, the drug elicits central actions typical of reserpine, but does 
not appreciably lower blood pressure. Further support for the view that 
reserpine does not lower central sympathetic tone was obtained from the stud- 
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ies of Iggo and Vogt,!° showing that large doses of reserpine do not lower the 
discharge of electric impulses into preganglionic sympathetic fibers. Instead 
of lowering central sympathetic output, reserpine and tetrabenazine (as well 
as syrosingopine in large doses) increase parasympathetic discharge from the 
central nervous system. 

A main drawback to the use of reserpine in treatment of hypertension is 
the difficulty of maintaining a dosage schedule that lowers blood pressure 
without producing deep mental depression. Ideally the dosage should be suffi- 
cient to lower peripheral norepinephrine, but not the brain amines. Reserpine 
is readily absorbed but is rapidly destroyed in the intestine, due presumably 
to hydrolytic cleavage. For instance, the intravenous injection in rabbits of 
4 mg./kg. of reserpine elicits a profound sedation lasting about three days, 
but the same dose given orally produces a barely perceptible sedation. When 
a patient is maintained on a certain daily dose of drug, it is presumed that 
the extent of its intestinal inactivation remains constant. Considering the 
cumulative action of reserpine and the narrow margin between the dosages 
eliciting hypotension and sedation, it is not surprising that serious central 
depression occurs in some patients on Rauwolfia therapy. Although syrosingo- 
pine is also unstable in the intestine, so that only a small part of the orally 
administered drug reaches the blood stream, the relatively selective action on 
peripheral norepinephrine stores should impart a greater margin of safety to 
this drug. 

These results suggest certain criteria for a hypotensive agent that acts by 
producing chemical sympathectomy: the compound should act specifically 
at sympathetic nerve endings, it should be stable in the intestine, and it 
should be readily absorbed. 

We now turn to two other drugs, guanethidine and bretylium, which also 
appear to produce chemical sympathectomy. Both drugs lower arterial blood 
pressure through a specific and prolonged inactivation of the peripheral sym- 
pathetic nervous system. Their effects cannot be attributed to a blocking of 
ganglionic transmission or to a blocking of the action of norepinephrine; in- 
stead the drugs appear to act on the postganglionic nerve fiber or at the nerve 
ending or between the nerve ending and the sympathetic neuromuscular 
junction." Neither drug exerts an appreciable action on the central nervous 
system since each is highly ionized and does not readily cross the blood brain 


barrier. 


Guanethidine 


Our studies show that the injection of guanethidine into rabbits or cats 
lowers the norepinephrine content of heart, spleen, and intestine. T he level 
of the amine in the heart declines over a period of four hours to about 15 per 
cent of normal, remains at this value for at least 18 hours, and then gradually 
rises, reaching the normal value in about seven days." Guanethidine does 
not affect the content of catechol amine in the adrenal medulla. Of particular 
interest is the failure of the drug to lower the content of brain catechol amine. 
This is not surprising, however, since guanethidine does not penetrate the 


brain in appreciable amounts. ee 
Although guanethidine produces chemical sympathectomy. by depleting 
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norepinephrine from peripheral nerve endings, the drug does not lower the 
serotin content of platelets, intestine, or brain. Accordingly, the compound 
satisfies certain criteria proposed for a compound that produces chemical 
sympathectomy: it is specific in that it selectively lowers the norepinephrine 
content at peripheral sites and does not affect serotonin stores; in addition, 
the compound is stable in the intestine. However, absorption of the drug is 
relatively slow due to its high degree of ionization and its low lipid solubility. 

The question arises as to how guanethidine lowers the content of norepi- 
nephrine in peripheral tissues. It is probable that its mechanism differs from 
that of reserpine, since it lowers the level of heart norepinephrine more slowly 
and does not lower the level of peripheral serotonin. Work is now in progress 
to ascertain whether guanethidine lowers norepinephrine by releasing the 
amine or by blocking its synthesis. 


Bretylium 


Bretylium and guanethidine do not appear to act by the same mechanism. 
We have shown that the intravenous injection into rabbits of 12.5 mg./kg. of 
bretylium (as the tosylate salt) inactivates the peripheral sympathetic system, 
but does not lower the content of norepinephrine in the heart. It may be 
concluded that the drug does not act by depleting norepinephrine or by in- 
hibiting its synthesis. It has been shown that stimulation of the splenic 
nerve fails to release norepinephrine in the presence of bretylium;” it is pos- 
sible therefore that the drug causes a failure in the mechanism leading to re- 
lease of norepinephrine at sympathetic nerve endings. It is also possible 
that the drug acts as a local anesthetic in the fine terminal endings of the 
postganglionic sympathetic nerves.” 

It is of considerable interest that although bretylium prevents the release 
of norepinephrine by sympathetic nerve stimulation it does not prevent its 
release by reserpine. 

Bretylium seems to be highly specific in that it appears to act only on the 
peripheral sympathetic nervous system. Since it is a quaternary ammonium 
compound, it is presumably stable in the intestine but, like other quaternary 
compounds, it is not readily absorbed. 


Depletion of Norepinephrine at Sympathetic Ganglia 

For some time it has been known that peripheral sympathetic ganglia con- 
tain considerable amounts of catechol amines that are released together with 
acetylcholine on preganglionic stimulation.“ To gain some insight into the 
possible role of norepinephrine at sympathetic ganglia, S. Spector, in our 
laboratory, and E. Costa* have studied the conduction of nerve impulses across 
sympathetic ganglia after depletion of the amines by reserpine. On electrical 
stimulation of preganglionic nerves in cats, the potential evoked postgangli- 
onically is greatly enhanced. This suggests that norepinephrine in sympathetic 
ganglia may modulate the action of acetylcholine by counteracting its effect. 
This view is in accord with that suggested a number of years ago by Marrazzi.!® 


Similar results have been obtained in animals treated with bretylium or with 
adrenergic blockade agents. 


* Thudichum Research Laboratory, Galesburg, Ill. 
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It is possible that increasing the content of norepinephrine in ganglia may 


reduce the response of acetylcholine. Work is now in progress to see whether 


th 
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e hypotensive action of monoamine oxidase inhibitors may be explained in 
is way. 
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HUMAN PHARMACOLOGY OF GUANETHIDINE 


D. W. Richardson and E. M. Wyso* 


Medical Service, Veterans Administration H ospital, and Department of Medicine, 
Medical College of Virginia, Richmond, Va. 


Introduction 


Although there is still lack of universal agreement that reduction in blood 
pressure will provide significant benefit to patients with hypertensive vascular 
disease, most clinicians feel that the availability of a drug that could lower 
arterial pressure to normal or nearly normal levels without producing intolerable 
side effects would be of outstanding clinical interest. Carefully controlled in- 
vestigations of the hypotensive agents currently in widespread use, such as the 
“Veterans Administration Cooperative Study of Antihypertensive Drugs,’ 
have shown that reduction in blood pressure, which is at best quite moderate, 
can be achieved in hypertensive patients, an average decrease in diastolic 
pressure of 12 to 13 mm. Hg being obtainable with combinations of reserpine 
and hydralazine or reserpine and a ganglion-blocking drug. Further reduction 
in blood pressure has proved unobtainable because of side effects, the para- 
sympatholytic side effects of the ganglion-blocking chemicals being particularly 
distressing. The recent availability of guanethidine ([2-(octahydro-1-azo- 
cinyl)ethyl]guanidine sulfate), a hypotensive agent that inhibits release of the 
chemical mediator from sympathetic nerve endings, has made possible the 
study of a drug that lowers blood pressure effectively in hypertensive patients 
without producing the parasympatholytic side effects of ganglionic blockade.** 


Data from Animal Experiments 


Maxwell® has shown that guanethidine produces prolonged blockade of the 
pressor response to electric stimulation of the great splanchnic nerve or the 
celiac ganglion in the dog, without preventing the hypertensive effect of in- 
fused I-norepinephrine. Guanethidine also prevents contraction of the nictitat- 
ing membrane normally produced by electric stimulation of preganglionic 
cervical sympathetic fibers. Despite the inability of electric stimulation of 
preganglionic neurons to produce a normal effector response during the action 
of the drug, guanethidine did not prevent transmission of electric impulses 
along preganglionic sympathetic nerves, across sympathetic ganglia, or along 
postganglionic nerves. Thus, although the drug prevents the usual effects of 
stimulating sympathetic preganglionic efferent neurons, it does not interfere 
with electric transmission along nerves nor does it render smooth muscle in- 
capable of contracting in response in circulating catecholamines. It is there- 
fore assumed that guanethidine prevents release of the sympathetic neuro- 
effector chemical mediator from postganglionic sympathetic nerve terminals 
in response to nerve stimuli. Maxwell’ also demonstrated that guanethidine 
administration is accompanied by decrease in the catecholamine content of 
aorta and heart in experimental animals. 

The effects described above are slow in onset, reach a maximal degree in about 

* Present address: Veterans Administration Hospital, Livermore, Calif. 
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48 hours, and last 7 to 10 days. In the first hour following intravenous ad- 
ministration of the drug, there was a brief moderate pressor response accom- 
panied by mydriasis and piloerection. This early response could be blocked 
by pretreatment with phentolamine (Regitine). 

In summary, guanethidine appears to discharge initially catecholamines from 
sympathetic nerve endings and subsequently to produce prolonged blockade of 
release of the neuroeffector mediator in response to nerve stimulation. 


Effects of Guanethidine in Human Hypertension 


Reduction in blood pressure. Studies done in our laboratory of 30 male 
patients hospitalized with severe hypertensive vascular disease, each of whom 
had diastolic pressure averaging more than 105 mm. Hg during a control period 
of at least six days in the hospital without any antihypertensive medications, 
have demonstrated marked reduction in blood pressure in response to treat- 
ment with guanethidine. Guanethidine was administered orally in doses of 
150 or 200 mg. on the first day, one half the initial dose on the second day, and 
25 to 75 mg. as single doses daily thereafter, the amount adjusted to achieve 
maximal reduction in blood pressure without intolerable side effects. The 
changes in blood pressure are depicted in FIGURE 1. Standing blood pressure 
was reduced more than was lying, and systolic pressure fell more than diastolic 
in either posture. Average reduction in standing diastolic pressure was from 
126 to 87 mm. Hg, or 30 per cent. Fairly wide fluctuation in blood pressure 
was observed even during the height of the guanethidine effect, the lowest 
blood pressure generally being observed in the morning on arising, witha gradual 
increase of 10 to 20 mm. Hg during the day. Using the dosage schedule em- 
ployed, maximal reduction in blood pressure was achieved in 48 to 72 hours. 
Following cessation of treatment, maximal reduction in blood pressure persisted 
for 3 or 4 days. Blood pressure then gradually returned to the pretreatment 
level in 7 to 21 days. 

Of the 30 patients initially studied in the hospital, 15 who were able to record 
their own blood pressures twice daily at home have been continued on guanethi- 
dine treatment after discharge. In 13 of these, now observed for more than 


four months, successful reduction in blood pressure has continued in 11, while 


two have reported orthostatic dizziness and fainting so troublesome as to pre- 
vent any reduction in sitting blood pressure. A comparison of the averages of 
60 individual recordings of diastolic pressure made by each of the 13 patients 
during the latest month of treatment, with their pretreatment pressures, is 
shown in FIGURE 2. For the group of 13 subjects there was an average reduc- 
tion in diastolic pressure of 19 mm. Hg from a pretreatment average of 132 mm. 
Hg. Progressive increase in the dose of guanethidine required to maintain 
reduction in blood pressure was not noted. 
Following intravenous administration, guanethidine, in doses approximating 
0.5 mg./kg., has been shown by Imhof® and others to have an initial pressor 
effect, beginning 6 to 8 min. after administration of the drug, followed by a 
depressor response that began about an hour after administration, was maxl- 
mum in 4 to 6 hours, and lasted 1 to 2 days. There was increase in pulse 
pressure during the pressor response and decrease in pulse pressure during the 
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depressor phase. Although the pressor phase was seen in normal subjects and 
in hypertensive patients, the depressor phase tended to be more marked the 
higher the pretreatment blood pressure. The initial pressor phase was blocked 
by pretreatment with phentolamine, but the subsequent depressor phase was 
not. Imhof also demonstrated that, during the depressor phase of guanethidine 
action, patients are abnormally hyperresponsive to infused J-norepinephrine, 
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attaining much greater increases in blood pressure in response to standard 

infusions than did the same patients prior to guanethidine administration. 
When patients had developed reduction in blood pressure following intra- 

venous administration of guanethidine in the supine position, tilting of the 
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Ficure 2. Reduction in blood pressure maintained in patients followed longer than four 
months. Each pretreatment point is the average of 12 measurements with the patient supine 
on the fourth, fifth, and sixth hospital days prior to antihypertensive therapy. Each point 
in the right column is the average of 60 pressures, recorded twice daily by the patient in the 
sitting position, during the last month of guanethidine administration. 
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table to 60° from horizontal with the head up and feet down resulted in marked 
further reduction in blood pressure and pulse pressure within 4 or 5 min.§ Re- 
turn of the table to the horizontal position was followed by a hypertensive 
“overshoot,” with blood pressures considerably higher than before the tilting 
and considerably higher than the posttilting pressures observed in the same 
patients prior to guanethidine administration. The posttilt ‘‘overshoot” was 
blocked by administration of phentolamine just before tilting or during the 
early minutes after tilting; therefore, although it may have been due in part to 
return to the active circulation of blood pooled in the peripheral veins during 
quiet standing, it must also have been influenced considerably by catechol- 
amines presumably released from the adrenal medulla under the stimulus of 
hypotension. Although no direct evidence regarding the effect of guanethidine 
on the adrenal medulla has been reported, this abolition of the posttilt over- 


TABLE 1 
CrrcuLATORY EFFECTS OF GUANETHIDINE* 


Control During drug 
Supine Tilt 40° Supine Tilt 40° 
Mean arterial pres- | (17) 157 (23) 150 (20) 126 (21) 99 
sure (mm. Hg) + 24 + 2 + 16 + 22+ 
Cardiac output (21) 6.6 (23) ered (20) 5.9 (21) 4.4 
(l./min.) + 1.7 + 1. + 1.7 = 
Peripheral resistance] (21) 2144 (23) 2450 (20) 1846 (21) 1875 
(dyne-sec./cm.°) + 801 + 94 + 642 
Heart — (beats/ | (21) 75 (23) 76 (20) 61 (21) 
min. 
Stroke volume (21), 91 M23) edo (20) 98 (24 eae 
(cc./min.) 


* Figures are mean +41 standard deviation. In parentheses are the numbers of individual 
determinations from which corresponding means were calculated. 
+ Mean significantly different from control value in same position (P < 0.05). 


shoot by pretreatment with phentolamine hints that guanethidine does not 
interfere with release of /-norepinephrine from the adrenal. 

Heart rate. When guanethidine is administered intravenously, there is an 
initial rise in heart rate accompanying the initial rise in blood pressure. As 
hypotension develops later in the course of action of guanethidine, gradual 
slowing of the heart ensues. In general, bradycardia parallels reduction in 
blood pressure, is most marked in the early morning, and rises somewhat as 
blood pressure rises during the course of the day. Heart rates less than 50 
were not observed in our series. 

Effects of guanethidine on cardiac output. TABLE 1 presents changes in 
cardiac output, total peripheral resistance, and associated measurements in a 
series of 10 hypertensive patients in whom duplicate determinations of cardiac 
output by the indicator-dilution method were made in both the supine and 
the 40 head-up tilted position, prior to administration of the drug. Duplicate 
determinations in each position were repeated about 4 to 10 days later 
during the height of blood pressure reduction induced by orally adincaiseere 
guanethidine. F1cure 3 shows the individual changes in cardiac output as- 
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sociated with administration of the drug. It will be noted that reduction in 
cardiac output occurred in most subjects and was most marked in the 40°- 
tilted posture. FicurE 4 shows that there was good correlation between the 
degree of reduction in blood pressure and the reduction in cardiac output. 
There was moderate reduction in peripheral resistance in the supine position, 
but the lack of change in vascular resistance during marked reduction in blood 
pressure associated with orthostasis shows that blood pressure can be lowered 
during guanethidine treatment without change in total peripheral resistance. 
In so far as calculated peripheral resistance may be assumed to represent 
changes in arteriolar caliber, this lack of marked change in resistance suggests 
that guanethidine does not primarily dilate arterioles. The orthostatic faint- 
ing induced by guanethidine also suggests that the drug inhibits sympathetic 
venoconstrictor impulses with dilation of peripheral veins, pooling of blood in 
the periphery, decline in venous return and, hence, in cardiac output and ar- 
terial pressure. This theory that the circulatory effects of guanethidine are 
secondary to inhibition of sympathetic venoconstriction is supported by the 
observation of Imhof,* that the orthostatic reduction in blood pressure induced 
by guanethidine is overcome by inflation of a “g-suit” to pressures that prevent 
the pooling of blood in veins in dependent portions of the body. To sum- 
marize, the reduction in cardiac output occurring with the standing position 
during guanethidine treatment is probably the result of such interference with 
sympathetic venoconstrictor mechanisms that there is pooling of blood in the 
peripheral venous circulation and reduction in venous return. The slighter 
reduction in cardiac output observed in the supine position is less easily ex- 
plained. It is possible that guanethidine has effects on both arteriolar and 
venular constriction and that the latter effect is so prominent as to obscure the 
former during orthostasis. 

The above-described effects on cardiac output are observed during the hy- 
potensive phase of action of guanethidine. In the hour following intravenous 
injection of the drug there are rises in blood pressure and in pulse pressure, 
suggesting increase in stroke volume, changes that are consistent with the 
hypothesis that guanethidine results in release of catecholamines into the 
circulation during the early phases of its activity. Studies by Richardson,’ 
using a strain gauge arch sewn to the right ventricle of dogs, have shown in- 
crease in the force of myocardial contraction during the early, hypertensive 
phase of action of guanethidine. Since heart rate, pulse pressure, and the 
force of myocardial contraction all increase during the early, hypertensive 
phase, it seems quite likely that cardiac output is increased during this 
period. ; 

Effects of guanethidine on renal function. ‘TABLE 2 shows the average results 
of treatment with guanethidine on glomerular filtration rate and renal plasma 
flow in 14 hypertensive subjects. FIGURE 5 shows individual changes in 
inulin clearance, used as a measure of glomerular filtration rate. Similar 
individual changes were noted in clearance of para-aminohippurate (PAH), 
used as a measure of renal plasma flow. Prior to treatment, glomerular 
filtration rate in these hypertensive patients was about 60 per cent of normal, 
and renal plasma flow was reduced even further, to 42 per cent of normal. 
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Administration of guanethidine was accompanied by reduction in glomerular 
filtration rate in 11 individuals, with slight rise in one and no change in two. 
Renal plasma flow fell in nine, rose in two, and was unchanged in three, the 
average of the group decreasing slightly. Blood pressure decreased propor- 
tionally more than did renal plasma flow during administration. of the drug, 
so that there was slight decrease in calculated renal vascular resistance; how- 
ever, this minimal improvement in vascular resistance seems clinically in- 
significant in the face of the prominent reduction in glomerular filtration rate, 
which decreased by 25 per cent. Clinically, blood urea nitrogen (BUN) values 
rose during treatment with guanethidine in about half the patients studied, 
but only when the pretreatment BUN was in excess of 25 mg./100 ml. The 
increases in BUN were of moderate magnitude, the largest change being from 
46 to 78 mg./100 ml. In no case was it necessary to stop treatment with 
guanethidine because of oliguria or progressive azotemia. As judged from the 


TABLE 2 
EFrects OF GUANETHIDINE ON RENAL FUNCTION* 


Lying, no drug aR A Se Tilted, no drug walperhean 

Tnulin clearance (ml./min./1.73 | 67 + 43 55 + 35¢ | 42 + 28 31 + 21f 
2 

PAH clearance (ml./min./1.73 | 254 + 158 | 230 + 125 | 169 4+ 121 | 140 + Tae 
m.) 

Mean arterial pressure (mm. Hg) | 158 + 24 129 + 16f | 151 + 24 109 + 227 

Renal Piccaine resistance (mm. |0.82 + 0.72)0.76 + 0.691.15 + 0.760.94 + 0.61 

Hg/ml./min.) 
Filtration fraction 0.27 + 0.09)0.24 + 0.05)0.31 + 0.19)}0.21 + 0.09 


* Figures are mean +1 standard deviation. __ : 
+ Means significantly different from values supine without drug (P < 0.05). 


BUN, renal function returned to pretreatment levels soon after the drug was 
stopped. 

Guanethidine administration impairs the glomerular filtration rate, probably 
because the slight reduction in renal vascular resistance that accompanies the 
use of the drug is insufficient to maintain blood flow and filtration pressure 
during the marked reduction in blood pressure. Similar changes in renal 
function accompany the use of ganglion-blocking drugs* and the changes in 
renal function are probably related to reduction in blood pressure rather than to 
any specific harmful effect of guanethidine on the kidney. In three of the sub- 
jects studied, determinations of renal plasma flow and glomerular filtration 
rate during drug administration preceded the control observations, and in 
each of these, control measurements were larger than those made during 
guanethidine-induced reduction in blood pressure. This observation suggests 
that the drug has no residual effect on the kidney, once blood pressure has 
returned to pretreatment levels. 

Brest® has shown a similar reduction in inulin and para-aminohippurate 
clearance about 144 hours after intravenous injection of guanethidine, at the 
time of reduction of blood pressure. He also demonstrated decreased ex- 
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cretion of sodium, water, and potassium during the hypotensive phase of 
guanethidine administration. ; 

Effects of guanethidine on other organs. The ophthalmic actions of guanethi- 
dine have been reported by Krishna,” who noted following intravenous ad- 
ministration of 0.25 to 0.5 mg./kg. to 20 normal -subjects, slight miosis and 
definite decrease in intraocular pressure, the latter noticeable in 30 min. and 
lasting 8 hours. In 10 patients with glaucoma, all of whom had failed to re- 
spond to other medical therapy, moderate to marked reduction in intraocular 


pressure was observed in 5, with poor results in the other 5. Krishna thinks 


that the most likely explanation for the decrease in intraocular pressure is — 


diminished rate of formation of aqueous humor. 

The effects of guanethidine on other systems in the human body have not 
been reported. Information regarding the adrenal gland is strikingly lacking. 
Although the post-tilt overshoot in blood pressure observed in patients on 
guanethidine may be the result of increased adrenal release of catechol amines, 
no direct measurements of peripheral or adrenal vein catechol amine concen- 
tration during guanethidine administration have been reported. 


Side Effects 


Orthostatic hypotension is a common accompaniment of guanethidine 
administration. Dizziness on standing occurred in approximately one half of 
our patients, and fainting occurred in one sixth. Although this can hardly 
be classed as a side effect, postural dizziness is the symptom that most com- 
monly prevents achievement of normal blood pressure, since supine blood 
pressures are usually definitely elevated even when standing blood pressures 
are normal or less than normal. Early morning orthostatic hypotension and 
dizziness are common during periods in which standing diastolic pressures 
rise to 100 or 110 mm. Hg during the remainder of the day. 

Other untoward effects include diarrhea, three or four soft stools daily, which 
occurred in about a third of our patients and could be easily prevented with 
small doses of paregoric. Delayed ejaculation without difficulty in erection 
occurred in approximately 10 per cent. Ptosis, nausea, abdominal cramps, and 
bloating were uncommon accompaniments of treatment. Strikingly absent 
were the parasympatholytic effects of ganglion-blocking drugs. Weakness and 
lassitude, noted by other observers even in the absence of orthostatic hypo- 
tension, were not prominent complaints in our series. Repeated determinations 
of serum bilirubin, glutamic oxalacetic transaminase, CBC, and urinalysis 
showed no changes ascribable to guanethidine. 


Summary 


_Guanethidine, a recently introduced antihypertensive agent, probably in- 
hibits release of /-norepinephrine from sympathetic nerve endings. It does 
not block autonomic ganglia nor interfere with the parasympathetic nervous 
system. _The hypotensive action of the drug is slow in onset, the maximal 
effect being noted 48 hours after the beginning of oral therapy. The agent 
has a prolonged effect, maximal reduction in blood pressure persisting 3 to 4 
days after cessation of therapy. It has proved effective in reducing blood 
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pressure in each of 30 hypertensive patients treated for periods of up to 11 
months. Reduction in cardiac output occurred during the decrease in blood 
pressure induced by guanethidine, suggesting that this drug does not primarily 
modify the abnormally increased arteriolar resistance that is the functional 
abnormality characteristic of hypertensive vascular disease. Reduction in 
renal blood flow and in glomerular filtration rate also accompanied use of the 
drug, but in no case did oliguria or progressive azotemia require that the drug 
be stopped. The agent slows heart rate and lowers standing blood pressures 
much more than supine blood pressures. When given intravenously, guane- 
thidine has an initial pressor effect, probably related to immediate release of 
catecholamines from sympathetic nerve endings into the circulation. The 
drug provides hypotensive potency similar to that of ganglion-blocking agents 
with advantages of long duration of action and absence of parasympatholytic 
side effects. More extensive experience will be required to determine ac- 
curately its effectiveness in the control of hypertensive vascular disease. 
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CLINICAL PHARMACOLOGY OF BRETYLIUM TOSYLATE: 
PRELIMINARY OBSERVATIONS 


James Conway* 
Department of Internal Medicine, U: niversity of Michigan, Ann Arbor, Mich. 


The introduction of a new quaternary ammonium compound, bretylium 
tosylate,!»? which selectively blocks transmission in postganglionic sympathetic 
nerve fibers, may be an important advance in the treatment of hypertension and 
peripheral vascular diseases. Of equal interest is the opportunity it provides 
for the evaluation of the role of the sympathetic nervous system in the patho- 
genesis of these diseases. 

An attempt has been made, therefore, to study the ability of bretylium to 
block sympathetically mediated reflexes in man, and to determine the changes 
it produces in the circulation. The effect on the blood pressure after parenteral 
and oral administration has also been assessed. 


Methods 


The effects of bretylium tosylate? have been studied in twenty patients (17 
hypertensives and 3 normotensives). Injections were made in small quan- 
tities, approximately 12.5 mg., until a dose of 100 mg. was given over a 10-min. 
period. Measurements have been made of skin temperature (11 subjects), 
digital blood flow (9 subjects), forearm blood flow (13 subjects), and cardiac 
output (5 subjects). The skin temperature measurements were made with 
thermocouples applied to the dorsum of the hand and foot and, on some occa- 
sions, another on the trunk. Finger blood flow measurements were made with 
a conventional air-filled plethysmograph applied to the terminal phalanx, with 
venous occlusion applied to the same digit. The forearm flow was measured 
by a Whitney mercury-in-rubber strain gauge,* placed on the upper one third 
of the forearm, with venous occlusion applied by means of a sphygmomanom- 
eter cuff above the elbow. Another cuff at the wrist excluded the circulation 
from the hand. The room temperature in these studies varied from 72 to 76° F. 

Cardiac output was measured by the indicator dilution method using indo- 
cyanine green. Injections were made through a polyethylene catheter inserted 
approximately 10 cm. centrally through a venipuncture in the antecubital 
fossa. The arterial dilution curve was recorded from the brachial artery by a 
Gilfordt densitometer, which was calibrated with the known concentrations of 
dye in the patient’s blood at the end of the procedure. 

In 10 other patients, the effect of oral medication on the blood pressure was 
also determined. Blood pressure levels were determined by averaging read- 
ings taken four times daily in the hospital, or by measurements made twice 


daily by the subject himself at home. 
Results 


Characteristic effects of the drug. Intravenous injections of doses of 12.5 mg. 
of bretylium tosylate resulted in an immediate but short-lived respiratory 


* Established Investigator of the American Heart 
} Gilford Instrument Company, Oberlin, Ohio. 


956 


Association, New York, N. Y. 


ee 


ei + ow 


BN YRS PES, & 


Conway: Clinical Pharmacology of Bretylium Tosylate 957 


stimulation. This was accompanied by vasoconstriction of the skin (r1cuRE 1), 
which lasted 2 to 3 min. And sometimes a sharp elevation in blood pressure, 
of approximately 20/10 mm. Hg. followed. These changes recurred after 
each successive dose of the same magnitude. At the time of the blood pres- 
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Ficure 1. Digital plethysmogram showing the effect of an intravenous dose of bretylium. 


O.l : 
before 
Tere 
£ 
° 
> 
s after 
grass’) 
e ae ea mi 
fe ee ee at a sone tees Aan 
— se iE : ‘yeti ayer 
30 sec. 
O — 


* 


Ficure 2. Effect of bretylium (100 mg. I.V.) on inspiratory reflex. The arrow indicates 
onset of deep inspiration. 


sure elevation, some degree of sympathetic blockade could be demonstrated 
by a fall in blood pressure on standing. 

In three patients a rise in blood pressure occurred some 6 to 9 hours after 
the administration of the drug. Two had received the drug intravenously and 
one orally. In view of the time that had elapsed, it is impossible to be certain 
of a causal relationship between the rise in pressure and the administration of 
the drug, but no other explanation could be found for the increase in pressure 
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in any of the patients, and it exceeded the random variations in their blood 
pressure record. Reserpine (2.5 mg. I.M.) successfully reversed the rise in 
pressure. 

The degree of blockade was assessed by eliciting several constrictive reflexes. 
The reflex most readily abolished was the vasoconstriction produced in the 
finger after a deep inspiration (FIGURE 2). A dose of 100 mg. intravenously 
prevented this reflex response in six of the eight subjects studied. Similarly, 
the overshoot produced by the Valsalva maneuver was abolished in two sub- 
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Ficure 3. Eff i 
mrciorinest Ge Hie of bretylium (100 mg. IV.) on the Valsalva maneuver (left) and cold 


jects (FIGURE 3). More potent reflexes were not completely suppressed. For 
example, the average rise in blood pressure produced by the standard cold 
pressor stimulus (FIGURE 3) was reduced from 55/38 to 30/18 mm. Hg 

There were very few side effects produced by parenteral administration of 
bretylium; apart from the initial constrictive response, the only other effects 
were occasional flushing of the skin, nasal stuffiness, and injection of the con- 
Junctivae. There were no alimentary or CNS effects. 

Effects on the circulation. The most striking peripheral effect of bretylium 
was an increase in skin temperature of the hands and feet (r1cuRE 4), which 
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averaged 1.50° F. for the former and 2.5° F. for the latter. There was no 
change in temperature of the trunk. In association with this change there 
Was an average increase of 35 per cent in finger blood flow. The forearm did 
not participate in this change. The average blood flow rate actually fell from 
5.0 to 4.7 ml./100 ml./min. 

The effects of bretylium on the circulation were compared with those of 
phentolamine in five subjects. Both drugs increased the pulse volume of the 
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Ficure 4, Effect of bretylium tosylate on hand (0) and foot (x) temperatures. 


digit and usually abolished the response to a deep inspiration. In addition to 
this, phentolamine evoked an average increase in forearm flow from 5.3 to 
6.3 ml./100 ml./min., and in one patient phentolamine increased cardiac out- 
put from 5.2 to 6.7 1./min., while bretylium produced little change. 

In the five patients in whom measurements of cardiac output were made 
there was a slight mean reduction from 5.2 to 4.9 1./min., at which time the 
mean blood pressure fell from 135 to 130 mm. Hg. Each patient showing a 
fall in blood pressure had a simultaneous reduction in output, with no change 
i lated peripheral resistance. . 
< oe: on the blood pressure. The administration of 100 mg. of bretylium 


he 
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tosylate intravenously to 17 hypertensive patients in the recumbent position 
resulted in a small fall in recumbent blood pressure, averaging 14/6 mm. Hg 
(TABLE 1). This was accompanied by a slight decrease in heart rate from 77 
to 74 beats/min. Records of blood pressure taken after the hemodynamic 
studies were complete showed a small increase in hypotensive effect with time, 
the maximal response averaging 22/14 mm. Hg (TABLE 1). The standing 
blood pressure showed a much greater reduction, with an average of 35/19 
mm. Hg. The diastolic fall is an estimate, since the response could not be 
recorded with accuracy in two patients. The average duration of effect of 
this dose of bretylium was 10 hours. 


TABLE 1 


Tur EFFECT OF A SINGLE INTRAVENOUS Dose (100 mc. I.V.) oF BRETYLIUM TOSYLATE 
ON THE BLoop PRESSURE IN 17 HYPERTENSIVES 


Acute effects (within 60 min.) mharinatec eee (mm, Hg) 
Initial recumbent pressure and change Raranibent Standing tee 
urati 
(hours: 
Systolic Diastolic Systolic Diastolic Systolic Diastolic 
170 (+4) 98 (0) —10 —10 15 —10 6 
200 (—34) | 110 (—16) —45 —20 mabe —30+ 8.5 
G728(= 12) | ARES) eye {2 —40 30 18 
198 (—8) 120 (0) —8 0 —30 —5 3 
235 (—10) 98 (—2) a — = a = 
150 (0) 100 (0) 0 0 —15 aS 6 
185 (—16) | 116 (—10) —20 —10 —60 —26 6 
220 ( 130 (0) —20 —15 —40 —15 11 
105 (34) 4h 448 (8) —30 —15 £20 —30 8 
220 (—10) 108 (—3) —20 —10 —30 —30 12 
905 (=81) | 138 (—58) —80 —50 ne = 10 
230 (—38) 124 (—20) —60 —34 —90 —11i+ 10 
145 (—5) 100 (+10) 0 0 —18 —18 14 
220 (—26) 120 (+6) —30 —20 —40 —30 9 
208 (+6) 110 (0 —5 0 —5 —5 8 
196 (+6) 116 (+8) —10 —10 —40 —20 12 
174 (0) 134 (—6 —5 —10 —25 —20 16 
Av. 196 (—14)| 115 (—6) “22 44 —35 | —19 10 


Only four patients showed a fall in pressure of 10 mm. Hg or more in systolic 
and diastolic levels in the recumbent position, and in one of these the fall was 
81/58 mm. Hg, reducing his pressure to 124/80 mm. Hg. This subject was 
also unusually sensitive to a ganglion-blocking agent. However when a sec- 
ond test with the same dose of bretylium was made some days later, the fall in 
pressure was only 12/8 mm. Hg, and the resulting level or “floor” of pressure 
was higher: 156/96 mm. Hg. 

Effects of oral medication. In 10 patients, studies of the effect of oral ad- 
ministration of bretylium showed that the effective dose varied from 600 to 
3200 mg./day. The average fall in pressure at optimum dosage was 11/13 


mm. Hg in the recumbent position, and 32/22 mm. Hg in the standing posi- 
tion (TABLE 2). 
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The effect on the standing pressure was greater in the morning than in the 
evening. In addition to dizziness, presumably usually related to orthostatic 
hypotension, several patients noticed a sensation of extreme fatigue on arising, 
which passed off in the course of the morning. Tolerance to the drug was 
noticed in the first 2 to 3 weeks of medication, but this was not troublesome 
since individual titration of dosage was required. Other side effects have con- 
sisted of nasal stuffiness, injection of the conjunctivae, and vague abdominal 
discomfort. One patient had pain in the parotid gland on salivation. 

Further studies to be reported elsewhere* have shown that the effect of 
bretylium on the blood pressure is very similar to that achieved by ganglion 
blockers. Some patients who respond to one type of drug, however, may be 
resistant to the other. 


TABLE 2 


THE EFFECT OF ORAL ADMINISTRATION OF BRETYLIUM TOSYLATE 
ON THE BLOOD PRESSURE : 


B. P. without (R) B. P. on bretylium tosylate 
Patient Duration 
Lying - Standing Final dose Lying Standing (ays) 
(mm. Hg) (mm. Hg) (mg./day) (mm. Hg) (mm. Hg) 
if 200/120 190/120 1500 200/110 155/100 5 
2 145/100 145/100 1600 145/105 135/100 6 
3 190/120 190/120 600 190/115 120/90 6 
4* 200/140 170/130 800 160/120 120/90 9 
5 210/130 200/125 600 190/105 160/90 13 
6 220/150 190/120 1500 200/125 160/110 14 
7 220/160 190/150 1100 186/133 167/132 30 
8 186/120 164/128 800 188/122 137/95 30 
9 170/110 160/100 900 191/100 163/90: 60 
10* 188/123 198/144 3200 174/108 181/125 75 
Average 193/127 180/124 1260 182/114 148/102 25 


* Two patients received chlorothiazide (1 gm. /day) throughout the period of the test. 


Conclusion 


The initial vasoconstrictor effects of bretylium are almost certainly the re- 
sult of local release of catecholamines, since they have been shown to occur 
after intra-arterial infusions of bretylium.! Lloyd Beck, in the Department 
of Pharmacology at the University of Michigan, has shown that the pressor 
response can be almost completely eliminated in dogs after reserpine has been 
used to deplete the peripheral stores of norepinephrine. The rise in pressure 
is also greatly enhanced by a ganglion-blocking drug. Furthermore, Beck 
has shown that the constrictive response may occur after the effect of direct 
sympathetic nerve stimulation has been blocked. This is an agreement with 
the clinical finding that postural hypotension may be elicited during the pressor 
response to the drug. It seems likely, therefore, that the release of norepi- 
nephrine is a peripheral effect occurring distally to the interruption of trans- 


mission in the sympathetic nerve fibers. 
Bretylium, in the dose used in this study, was adequate to block some con- 
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strictive reflexes, but the response to the cold pressor test was not abolished. 
Since bretylium does not block the output from the adrenal medulla, it is pos- 
sible that some sympatho-adrenal responses might remain even if the dose of 
the blocking agent were able to block neural transmission completely. The 
pattern of the changes in the peripheral circulation, manifested by an increase 
in flow to the hands and feet and little change in the forearm circulation, were 
similar to those observed with ganglion-blocking agents tetraethylammonium® 
and hexamethonium.’.7 Apart from the initial vasoconstriction, bretylium 
did not appear to produce any effects that could not be attributed to blockade 
of sympathetic activity. For this reason it will be an invaluable tool in the 
study of the activity of the sympathetic nervous system in man, and will be of 
great value in assessing the activity of this system in hypertension. 

In most recumbent hypertensive patients the fall in pressure caused by 
bretylium was negligible. Similarly, there was practically no change in heart 
rate. In those subjects in whom a fall in recumbent blood pressure occurred, 
a reduction in cardiac output was also observed. For the majority of hyper- 
tensives it seems unlikely that the sympathetic nervous system plays an im- 
portant role in the etiology of hypertension. An occasional patient was seen 
in whom an unexpectedly large fall in pressure occurred; these patients will 
require further study. 

The effect of oral medication, like that seen with parenteral administration, 
was mainly on the standing blood pressure. A small change was seen in the 
recumbent level, of magnitude similar to that seen after parenteral adminis- 
tration of the drug. The effective dose varied from 600 to 3200 mg./day. 
The drug produced a considerably greater effect on the blood on arising in the 
morning. The reason for this is unknown. Patients who have experienced 
low levels of pressure in the morning have either complained of dizziness and 
fainting, or of extreme lassitude. Since the blood pressure may fall to quite 
low levels without the presence of other warning side effects, this drug should 
be used with care in patients with cerebral or coronary artery disease. 

In conclusion, bretylium provides a useful opportunity for the production 
of chemical sympathectomy in man which is symptomless if the patient re- 
mains in the recumbent position. On standing there is a profound fall in 
blood pressure. This action provides the basis for the use of bretylium in 
hypertension. Although the mode of action is nonphysiological and varies 
with posture throughout the day, it is, nevertheless, of great value in the treat- 
ment of patients with severe hypertension in whom simpler drugs, such as 


chlorothiazide and reserpine, have not effected an adequate reduction in pres- 
sure. 


Summary 


Bretylium tosylate in I.V. doses of 100 mg. produces blockade of some sym- 
pathetically mediated reflexes and a diminution of others. It results in an 
increase in blood flow to the hands and feet, but not to the forearm. The 


effect on the recumbent blood pressure is quite small, but marked postural 
hypotension always occurs, 


eee 
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Oral medication likewise produces its main effect on the standing pressure, 
and this is greater in the morning than evening levels. 
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THE EFFECT OF CHLOROTHIAZIDE AND ITS CONGENERS O 
THE DIGITAL CIRCULATION IN NORMOTENSIVE SUBJECTS 
AND IN PATIENTS WITH ESSENTIAL HYPERTENSION 


Milton Mendlowitz,* Nosrat Naftchi, Stanley E. Gitlow, Herbert 
L. Weinreb,t Robert L. Wolf 
Division of Cardiology, Department of Medicine, Mount Sinai Hospital, New York, N.Y. 


The action of chlorothiazide or its congeners on the circulation is not clearly 
understood. It is known, for example, that these drugs can reduce the blood 
pressure of patients with essential hypertension and yet have no effect on the 
blood pressure of normal subjects,’ and also that they increase the antihyper- 
tensive effect of other drugs such as the ganglion blockers.*? Chlorothiazide 
decreases the plasma volume’ and the cardiac output? of patients with hyper- 
tension; later, when plasma volume and cardiac output.return to normal, blood 
pressure is still kept low by the drug.!° It has also been shown that pressor 
response to injected /-norepinephrine (NE) is decreased in normotensive" as 
well as in hypertensive”: subjects by chlorothiazide. The results, however, 
are not always clear-cut and there is much overlapping. Most workers agree 
that the circulatory effects are secondary to the direct action of chlorothiazide 
on the kidney, with resultant loss of sodium and potassium chloride and water,!: 
5.4 whereas others believe that the drug may have some additional direct 
action on the tissues and systemic blood vessels.? In order to clarify some 
of these questions, a study was undertaken in both normotensive and hyper- 
tensive subjects of the effect of these drugs on the digital circulation. Several 
factors could thus be studied concomitantly by established methods.1=7 

Studies were completed on nine normotensive and ten hypertensive subjects 
before and after the administration of chlorothiazide at a dosage of 500 mg. 
twice daily for two weeks. Similar studies were carried out in four normoten- 
sive and four hypertensive subjects on hydrochlorothiazide (50 mg. twice daily 
for two weeks), and in three normotensive and three hypertensive subjects on 
benzydroflumethiazide (5 mg. twice daily for two weeks). At each session, 
brachial and digital blood pressures and digital blood flow were measured in 
three phases: (1) in the resting state under standardized conditions, including 
maintenance of room temperature between 26° and 29° C. (phase B); (2) after 
vasodilatation produced by indirect heating with a cradle baker over the trunk 
until positive heat balance was manifested by profuse diaphoresis, followed by 
the intravenous administration of 0.8 mg./kg. of SC 1950 (2,6-dimethyl-1 ,1- 
diethyl piperidinium bromide), a ganglion-blocking drug (phase A); and (3) 
with the conditions in phase A remaining constant during the intravenous in- 
fusion of NE and additional SC 1950 at a rate sufficient to bring the subject’s 
blood pressure to its original value or somewhat higher (phase C). The in- 


* The work by this author described in this paper was supported in part by Research 
Grant H-1164 from the National Heart Institute, Public Health Service, Bethea Md., 
and a grant from the American Heart Association, New York, N.Y. 
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fusion fluid contained 50 mg./cc. of glucose, 0.0122 mg./cc. of /-norepinephrine 
bitartrate and 0.09 mg./cc. of SC 1950, and the rate of its administration was 
regulated with an infusion pump. 

Studies were not performed until the blood pressure level was stable. There 
were no untoward effects from this procedure except for occasional headache 
or chest pain associated with an excessive rise in blood pressure. Slowing the 
infusion rate was all that was necessary to decrease the blood pressure and 
eliminate these symptoms. In a few cases the studies were not completed in 
the resting state (phase B). 

Flow in the digit was measured calorimetrically and both systolic and dias- 
tolic digital arterial pressures were measured with a Gaertner capsule. These 
pressure data were converted to mean pressure by adding one third of the pulse 
pressure to the diastolic value. A calculated venous pressure correction was 
subtracted from this, and the radius equivalent of the digital circulation was 
computed from flow and effective mean pressure by using Poiseuille’s law. A 
calculated length factor was considered to be constant for the digital circula- 
tion, correction being made for variation in fingertip size. Correction was also 
made for critical closing pressure and/or apparent blood viscosity change in 
the constricted phases of the procedure. The radius equivalent of the digital 
circulation was calculated for the constricted as well as for the dilated state. 
From the digital blood pressures and the change in the radius equivalent, as 
measured during the two sets of experimental conditions, the work of vaso- 
constriction was calculated and, based upon the NE infusion rate, this value 
could be expressed as the work per milligram of infused NE per minute. The 
formula used for calculating work of vasoconstriction is: 


16.1P; 
a Ab (n° on ro) 


in which w is work in ergs, P is effective mean pressure, Q, is blood flow, 71 is 
radius equivalent during vasodilatation, and 72 is radius equivalent during 
vasoconstriction. The reliability and reproducibility of these results in indi- 
vidual subjects in normotensive and hypertensive groups were amply demon- 
strated.*-7 Moderate variation in the rate of NE infusion did not modify 
appreciably the values for work of vasoconstriction per milligram of NE infused 


per minute. 


w= 197Pi(re — ne) — 


Results 


The results (TABLES 1 through 6) are complex and are best analyzed in some 
respects by considering the cases individually. It is apparent that the brachial 
as well as the digital blood pressures were reduced by all the drugs used in the 
hypertensive but not in the normotensive subjects. Another fairly consistent 
feature was the reduction of reactivity to NE in the hypertensive subjects by 
the three drugs. In normotensive subjects, on the other hand, the drugs pro- 
duced either no change or an increase in reactivity to NE. 

The other results were all more variable. Digital blood flow in both groups 
was either decreased, increased, or remained unchanged. Intrinsic digital vas- 
cular caliber (radius equivalent in the vasodilated state) was also either in- 


TABLE 1 
Arter (2) 1000 mc. or CHLOROTHIAZIDE DAILY FOR Two 
Brrore (1) T Werks Nine NORMOTENSIVE SUBJECTS 7 
ie ‘latation: B =: before vasodilatation, C = after vasodilatation 
A = after vasodila , and NE istaee 


Radius | Work of nee Work/ 


Dig. z 
Brach. | Digital |Ef. mean| blood | eGuiva- | vasocon-| .of NE |mg./min.| Per 
Age .P. B.P. | dig. B.P. |flow (cc./ zt er infusion |(108 ergs/| cent 
Pt. land sex | Phase ( _ File) ee fren “Heller cs skin / tent las (ig cree) (10% smg./ be change 
1A |114/76 | 94/62/ 60 | 0.31 | 3.1 
aioe Ree 130/80 110/64 70 | 0.21 | 2.9 | 1.0 
ic. |170/102| 152/94) 99 | 0.35 | 2.9 | 1.0 | 1.44] 72 
2A (104/70 | 94/55, 58 | 0.23 | 2.9 
2B |120/80 | 104/64, 68 | 0.21 | 2.8 | 0.45 
2c |156/98 | 132/77| 85 | 0.24 | 2.8 | 0.45 | 1.55 | 29 | —61 
“2 | 20m | 1A. [132/76 | 106/66, 64 | 0.37 | 3.2 
: ip |140/78 | 130/66] 78 | 0.23 | 3.0 | 1.1 
1c |160/90 | 150/84, 90 | 0.38 | 3.1 | 0.54 | 1.5 37 
2A |106/70 | 102/58} 58 | 0.37 | 3.3 
2B 136/70 | 130/60] 72-| 0.27 | 3.1 | 1.0 
2c |140/80 | 138/70} 80 | 0.32 | 3.1 | 1.0 | 2.8 37 0 
“3 | 21m | 1A (110/70 | 104/56, so | 0.31 | 3.1 
1B |124/70 | 108/60| 63 | 0.31 | 3.1 | 0 
1c |140/110| 132/94, 95 | 0.30] 2.9 | 1.0 | 1.5 69 
2A |120/80 | 109/61] 63 | 0.32 | 3.2 
2B |120/76 | 115/61] 67 | 0.28 | 3.1 | 0.42 
2C |196/106| 172/90] 102 | 0.35 | 3.0 | 0.89 | 0.83 | 110 | +50 
“4 | 34m | 1A [106/60 | 100/54} 52 | 0.40 | 3.4 
1B |126/76 | 118/68] 72 | 0.32 | 3.2 | 1.0 
1C |130/80 | 120/72] 72 | 0.38 | 3.3 | 0.45 | 0.92 | 49 
2A |106/50 | 88/50} 52 | 0.28 | 3.1 
2B 116/50 | 98/42} 50 | 0.27 | 3.1 
2C 140/86 | 114/74] 75 | 0.30 | 3.0 | 0.27 | 0.87 | 31 | —37 
5 | 34F | 1A | 84/56| 76/501 48 | 0.27 | 3.2 
1B | 96/66 | 87/581 60 | 0.19 | 3.0 | 0.83 
1C |120/80 | 92/70) 67 | 0.25 | 3.0 | 0.83 | 1.4 60 
2A | 80/66} 70/54, 46 | 0.30 | 3.3 
2B | 90/64] 75/54} 53 | 0.14 | 3.0 | 1.3 
2C 110/76 | 100/66} 67 | 0.25 | 3.0 | 13 | 1.3 95 | +58 
6 | 20M | 1A |104/64| 96/46 53 | 0.24 | 3.0 | 
1B |120/70 | 114/64 71 | 0.23 | 2.9 | 0.43 
1C_ |130/80 | 126/58] 71 | 0.25 | 2.9 | 0.43 | 0.87 | so 
2A |110/70| 87/45] 44 | 0.35 | 3.5 
2B 116/70 | 110/62} 64 | 0.32 | 3.2 | 1.3 
2C |130/86 | 130/60] 69 | 0.33 | 3.2 | 13 | 1.4 92 | +84 
7 | 23M | 1A | 98/62 | 88/50] 54 | 0.23 | 3.0 | 
1B |110/70 | 96/60] 63 | 0.22 | 2:9 | 0.40 
1C |130/84 | 120/70} 78 | 0.22 | 2.9 | 0.40 | 1.0 40 
2A |104/68 | 90/52} 58 | 0.18 | 2.7 
2B |114/70 | 90/60] 63 | 0.18 | 2:7 | 0 
2C {134/88 | 118/72} 79 | 0.19 | 2.6 | 0.44 | 0.91 | 48 | 420 
we NS ee a 
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TABLE 1—Continued 


As Dig. F Rate | Work/ 
Brach. | Digital |Ea. blood | Radius | Work of | of NE |mg./min. 
Pt. peice Phase ( a ) B.P. dig. BP. flow. (cc./ ar ce. etn infusion (one ae 
mm, Hg)|(mm. Hg)|(mm. Hg) per eal X 10-2) |(108 ergs) cal ae mE) change 
8 | 29F | 1A | 96/60 | 88/52 52 0.25 eau 
1B /120/80 | 102/72 75 0.16 2h ils 
1C /|130/84 | 106/68 69 0.28 3.0 0.19 0.84 23 
2A | 90/58 | 76/50) 47 0.28 Sez 
2B 104/78 98/70 67 0.29 3.1 0.41 
2C {116/80 | 106/72 73 0.25 3.0 0.84 135 56 |+143 
9 | 23M | 1A |114/70 | 98/56) 58 0.30 3.1 
1B 134/78 | 122/70 76 0.26 2.9 1.0 
1C 154/98 | 142/80 88 0.32 2.9 1.0 155 69 
2A |116/72 | 102/70) 68 0.33 Sail 
2B |130/72 | 116/62 68 0.28 3.0 0.51 
2C |134/84 | 118/78 81 0.25 2.9 lea 1.4 76 +10 


creased, decreased, or remained unchanged in both groups. There was some 
correlation between a decrease or increase in the work of digital vasoconstric- 
tion in the resting state and the change in vascular reactivity after drug admin- 
istration, but this relationship was by no means always consistent. Further- 
more, the degree of change both in the normotensive and the hypertensive 
group was greater than the expected change attributable to chance between 
two tests in any given subject.°” 

There are at least four separate factors capable of influencing the digital 
blood pressure. One is a change in cardiac output that could in turn be in- 
fluenced by a change in plasma volume. This would be reflected best by the 
digital blood flow after vasodilatation. The second is a change in the intrinsic 
caliber of the blood vessels (nonneurogenic), as influenced, for example, by the 
imbibition of or loss of edema fluid from the blood vessel wall. This would 
be reflected best in the digit by change in the vasodilatation radius equivalent. 
A third factor is the degree of neurogenic vasoconstriction that in turn is in- 
fluenced by the rate and intensity of sympathetic nerve discharge and the 
reactivity of the blood vessels to such discharge. The work of vasoconstric- 
tion in the resting state is most representative in the digit of the degree of neuro- 
genic vasoconstriction. If the change is concordant with a change in NE re- 
activity, the latter factor is probably responsible for the change in work, whereas 
if it is discordant, one could assume that an increase in work is caused by in- 
creased sympathetic neural discharge or perhaps even by increased circulating 
NE. 

It is possible to analyze each case in the hypertensive group with reference 
to these factors and to show that a different combination of factors is responsible 
for the decrease in the blood pressure in any given case. For example, in pa- 
tient 12 the two factors responsible for the decrease in resting blood pressure 
were a decrease in NE reactivity, with a concordant decrease in resting work 
of vasoconstriction, together with a decrease in intrinsic blood flow. In pa- 


TABLE 2 


Berore (1) AND AFTER (2) 1000 MG. OF CHLOROTHIAZIDE DaILty FOR Two 
WEEKS IN TEN HYPERTENSIVE SUBJECTS 
after vasodilatation 


= before vasodilatation, C 


A = after vasodilatation, B é | 
_ and NE infusion 


ect 
it? Dig. Radius | Work of} Rate, | Work/ 
Brach. | Digital |Eff. mean| ‘blood iva. |vasocon.| .0f NE_ | mg./min. Per 
Age and} pp, B.P. | BP. |dig. B.P.|flow (cc./|) oS. | Striction | ifusion |(10? ergs/| cent 
meee eae (mm. Hg) |(mm. He) (mm. Hg) epr.skin/ Se 1052) | Go® eres) Cores} eae 
nr. 
10| sor | 1A |230/126/181/71| 95 | 0.25 | 2.8 
1B |236/130|160/70 | 97 | 0.14 | 2.5 | 2.3 
ic. |250/1261187/71 | 102.| 0.19 | 2.6 | 1.4 | 0.84 | 167 
2a |100/70 | 92/58 | 58 | 0.27 | 3.0 
2B |140/90 
2c |190/104|154/100| 111 | 0.17 | 2.6 | 2.1 | 1.2 | 174 | 44 
11| 51M | 1A |150/106|149/66 | 84 | 0.24 | 2.7 
1B |170/110 
iC |174/114152/106] 110 | 0.27 | 2.6 | 0.58 | 0.9 66 
2A |140/100|122/04 | 93 | 0.27 | 2.7 
2B |156/100 
2c |186/114/172/106, 151 | 0.27 | 2.6 | 0.70 | 1.1 66 0 
42| 42K | 1A |146/96 |144/84| 93 | 0.27 | 2.7 
1B |190/110|178/92 | 119 | 0.04 | 2.1 | 4.6 
1C_|210/130/197/122| 138 | 0.21 | 2.4 | 2:1 | 1.1 | 192 
2 |110/80 |116/70| 77 | 0.21 | 2.7 
2B |144/92 |128/80| 89 | 0.18 | 2.6 | 0.51 
2C |180/110|170/102) 118 | 0.18 | 2.5 | 1.1 | 1.0 | 103 | —46 
13| 40F | 1A |160/110|164/109| 121 | 0.25 | 2.5 
iB |230/140 
1C |250/140|233/136|. 158 | 0.24 | 2.4 | 0.77 | 0.92 | 84 
2A 1182/98 |172/94 | 108 | 0.28 | 2.6 
2B |200/126 
2C |220/130|196/114| 131 | 0.23 | 2.5 | 0.77 | 0.93 | 83 | —1 
14] 59M | 1A [110/76 | 85/60! 60 | 0.21 | 2.8 e 
1B |150/86 |123/79 | 90 | O11 | 24 | 2.0 
1C [184/96 |166/90 | 108 | 0.16 | 2.4 | 2.0 | 0.86 | 234 
2A [120/74 | 97/56| 56 | 0.34 | 3.2 
2B 140/80 |118/78 | 80 | 0:27 | 3.0 | 1.0 
2C |160/90 |140/88 | 93 | 0.28 | 2.9 | 1.6 | 0.88 | 180 | —23 
$5 MES7EN| (M:Ai 6140/94.) 196/8601'o,-88: . nDsGO2 Bed) Fic gla 
1B |164/110|143/108] 118 | 0.06 | 2:2 | 5.6 
1C |210/126|198/114 126 | 0.32 | 2'7 | 1:4 | 0.50 | 288 
2A [108/76 | 94/72! 70 | 0.22 | 2.7 
2B |120/80 |106/74| 84 | 0:04 | 2.2 | 3.0 
ot 2C |150/104|152/94 | 105 | 0.19 | 2:5 | 1:1 | 0.97 | 115 | —60 
16| 46F | 1A |144/94 |128/00| 93 | 0.24 | 2.6 
1B |180/110|172/100| 120 | 0:10 | 2/2 | 2.9 
1C |210/1241197/102| 127 | 0.20 | 2:4 | 1.4 | 0.87 | 156 
2A. |126/80 |120/64| 73 | 0.25 | 2.8 
2B |140/90 |130/72 | 85 | 0:14 | 2.6 | 14 
2C |180/110|168/88 | 103 | 0.28 | 2:7 | 0154 | 0.86 | 63 | —60 
a RESEND ORSAY nC ROR VNC ert Poe Fp 
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TABLE 2—Continued 


<y Dig. I pasias lavork of | Rate. | Work/ 
pu, ABE 80d pase! HDT | PADS (Ge: BP laomctce /,eculya | vasocon- | Shacion [Cisienge/| cent 
. ent (cm. = 
(mm. Hg)|(mm. Hg)|(mm. Hg) ee ean x 10-2) (403 ergs) eed msi change 
17 | 47F | 1A |150/82 142/64 78 0.31 2.9 
1B |170/90 |162/78 | 100 | 0.15 | 2.5 | 2.7 
1C |190/104/164/94 | 103 0.35 2.8 0.60 | 0.53 114 
2A |100/70 | 86/62 61 0.23 29° 
2B |154/84 |145/77 98 0.06 75a 4.3 
2C |160/100)150/90 100 ORZ5 Dik 0.94 | 1.4 67 —Al 
18 | 59F | 1A |140/60 |132/62 Ht 0.20 Bei) - 
1B |220/110/204/94 | 129 0.04 1.9 9.2 
1C |210/108/202/100} 125 0.22 ZS) 0.94 | 0.92 103 
2A |144/60 |138/52 | 70 | 0.26 | 2.8 
2B {180/86 |168/80 104 Ora 2.4 2.4 
2C |200/100)176/94 | 109 0.29 Dell ORSKY eOnsy? 105 +2 
19 | 49F | 1A |126/76 |112/72 74 0.29 2.9 =< 
1B |150/80 132/80 90 0.16 BAG 1.2 
1C |176/100)140/96 101 0.24 Zak ew 1.6 74 
2A |104/66 | 90/51 58 0.18 Bil 
2B {124/70 |106/64 71 0.16 2.6 0.45 
2C |150/90 |136/80 93 0.15 225 0.91 2.5 36 —51 


tient 14, on the other hand, the factors relative to vasoconstrictive work were 
the same as in patient 12, but there was an increase in intrinsic blood flow, 
balanced by an increase in intrinsic vascular caliber. In patient 17 the re- 
lationship between the change in resting work and NE reactivity was discord- 
ant, and there was an increase in resting work. This was overbalanced, how- 
ever, by a decrease in intrinsic flow that was responsible for the moderate 
decrease in blood pressure. In patient 18 the decrease in blood pressure was 
due almost entirely to a decrease in sympathetic nerve discharge, as manifested 
by a decrease in resting work of vasoconstriction. There are several patients 
(25, 27, 31) in the hypertensive group with low intrinsic blood flow, indicating 
severe arteriosclerotic involvement. Their patterns of change, however, did 
not differ significantly from those of the other hypertensive subjects. 

On occasion, in the normotensive subjects, no-significant effect whatsoever 
was produced on the circulation by the drug (patient 2). In patient 1, on the 
other hand, there was a decrease in NE reactivity with a concordant decrease 
in resting work, balanced by a decrease in intrinsic vascular caliber. It must 
be remembered that even small changes in caliber are potent, since they must 
be taken to the fourth power to be proportional to flow or pressure changes. 
In patient 4 the concordant decrease in resting work and NE reactivity and in 
intrinsic flow is balanced by a decrease in intrinsic vascular caliber. In patient 
6 the concordant increase in NE reactivity and resting work and in intrinsic 
flow was balanced by an increased intrinsic vascular caliber. In patient 7, 
however, a decrease in resting work not associated with any change in NE re- 
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activity but influenced also by a decrease in intrinsic flow, was balanced by a 
decrease in intrinsic vascular caliber. The relationship between resting work 
and NE reactivity was often discordant in these cases, but it was sometimes 
concordant. A slightly different pattern is presented by patient 23, where a 
concordant increase in resting work and NE reactivity and a decrease in in- 


TABLE 3 
Brrore (1) AND AFTER (2) 100 Mc. OF HyDROCHLOROTHIAZIDE DaILy FOR 
Two WEEKs IN Four NORMOTENSIVE SUBJECTS 
A = after vasodilatation, B = before vasodilatation, C = after vasodilatation 
and NE infusion 


Dig. . Rate Work/ 
Brach. | Digital |Eff. mean| blood Radius | Work of | of NE |mg./min.| Per 


°y iva- on-| - J 
Pt. pee end Phase| B.P B.P. (dig. B.P. |flow Ce Adak oa phecriar eat infusion |(108 ergs/| cent 


(mm. Hg)| (mm. Hg) |(mm. Hg) aaa g X 10-2) |(102 ergs) ee wen = change 

20| 19m | 1A | 90/56 | 82/50| 44 | 0.28 | 3.2 

1B |100/66 | 94/58 | 67 | 0.08 | 2.6 | 2.8 

ic. |170/1001148/90 | 96 | 0.32 | 2.9 | 1.3 | 1.6 81 

2 |100/66 | 86/48 | 47 | 0.30 | 3.3 

2B |100/70 | 92/56| 68 | 0 0 1.1 

2c 126/84 \112/78 | 78 | 0.28 | 3.0 | 1.3 | 0.88 | 150 | +85 
211 35M | 1A [100/64] 90/58] 55 | 0.33 | 3.2 

1B |120/70 | 98/62 | 60 | 0.33 | 3.2 

ic. |136/84 128/78 | 93 | 0.29 | 3.0 | 1.0 | 2.5 40 

2a |104/64 | 88/58| 55 | 0.32 | 3.2 

2B [110/70 | 92/66 | 63 | 0.29 | 3:1 | 0.46 

2C |134/84 [122/80 | 83 | 0.26 | 2.9 | 1.5 | 1.5 | 102 |4455 
22| 26F | 1A (106/60 | 88/50] 48 | 0.35 | 3.4 

1B |124/76 | 98/64 | 67 | 0.19 | 3:0 | 1.9 

1c |136/86 |132/74 | 70 | 0:40 | 3.2 | 0:80 | 1.6 50 

2A | 94/64 | 96/64! 62 | 0.28 | 3.0 

2B [110/70 |108/66| 70 | 0.20 | 2.8 | 0.34 

2C |120/70 |116/64| 71 | 0.27 | 2.9 | 0:52 | 0.77 | 66 | +32 
23| 17M | 1A [110/68 |102/58| 61 | 0.34 | 3.1 

1B |116/70 |108/60 | 68 | 0:31 | 3.0 | 0.39 

1c |140/90 |128/72 | 77 | 0:30 | 3.0 | 0:30 | 0.82 | 48 

2A |100/62 |116/64| 72 | 0.23 | 2.8 

2B |120/76 |108/58 | 69 | 0:13 | 2.6 | 1.2 

2C |138/100|134/88 | 75 | 0.21 | 2.6 | 1.2 | 0.84 | 140 |+191 


trinsic caliber were all balanced by a decrease in intrinsic flow. In patient 
28, on the other hand, no great change occurred in resting work or reactivity, 
but an increase in intrinsic caliber was balanced by an increase in intrinsic 
flow. In other words, the failure of these drugs to affect blood pressure in 
the normotensive subject does not necessarily signify the absence of a vascu- 


lar effect, but rather the balancing of effects acting in divergent directions, 
some of which perhaps are compensatory. 
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Discussion 


It is clear that the most consistent change produced by these drugs in the 
hypertensive subject was a decrease in blood pressure associated with a decrease 
in NE reactivity. This probably does not represent a direct action of the drugs, 
since the effect is the opposite on NE reactivity in normotensive subjects. It 


TABLE 4 
Brrore (1) AND AFTER (2) 100 Mc. oF HypROCHLOROTHIAZIDE DarLy FoR Two 
WEEKS IN Four HYPERTENSIVE SUBJECTS 
A = after vasodilatation, B = before vasodilatation, C = after vasodilatation 
and NE infusion 


Aas Dig. Radius | Work of | Rate Work/ 
pt, |A8e 4nd! phase eo oe ie. BP. sey equiva- | vasocon- wee ites Eee 
sex (mm. Hg)| (mm. Hg)|(mm. Hg) cpr2skin /|!ent (cm. | striction (10-2 ( gs/ See 
K . Hg Bes Fy ey X 10-2) |(108 ergs) see ae change 
24| 31F | 1A |154/108/158/102| 105 | 0.39 | 2.9 
1B |170/120/162/113| 128 | 0.04 | 2.2 | 6.3 
1C |200/130/184/114) 125 | 0.30 | 2.7 | 1.6 | 0.84 | 189 
2A 1105/80 |110/88 | 83 | 0.28 | 2.8 
2B |150/90 |152/92 | 106 | 0.13 | 2.5 | 2.0 
2C |150/110|162/106] 117 | 0.20 | 2.6°| 1.3 |-0.69 | 157 | —17 
25| 60M | 1A |126/86 |120/80| 88 | 0.13 | 2.3 7 
1B |180/112/170/110| 127 | 0.08 | 2.1 | 1.6 
1C |180/1201180/118} 135 | 0.08 | 2.1 | 1.6 | 0.78 | 200 
2A |118/82 |116/74| 81 | 0.16 | 2:4 
2B {156/90 |152/88 | 102 | 0.16 | 2.4 | 1.9 
2C |198/112|192/116| 137 | 0.10 | 2.1 | 1.9 | 0.90 | 214 | +7 
> 26| 27F | 1A {130/90 [130/86 | 88 | 0.27 | 2.8 
1B |180/120|160/120| 132 | 0.02 | 1.7 | 7.6 
3 1c |190/120/176/120 126 | 0.29 | 2.6 |-0.72 | 0.91 | 79 
2A | 98/60 [100/76 | 68 | 0.24 | 2.8 
2B |124/82 |132/900| 99 | 0.14] 2.5 | 1. 
‘E. 2c |160/100|160/92 | 104 | 0.25 | 2.7 | 0.50 | 1.1 48 | —39 
~ 27| 49F | 1A |104/80 | 98/66| 72 | 0.12 | 2.4 
1B |180/100/174/86 | 112 | 0.08 | 2.1 | 1.5 
1c |200/110184/106 129 | 0.08 | 2.1 | 1.5 | 0.84 | 182 
2a | 80/50 | 60/42) 45 | 0.08 | 2.4 
2B |128/80 | 92/62 | 69 | 0.07 | 2.2 | 0.59 
2c. [138/90 |100/76 | 82 | 0.06 | 2.1 | 1.00 | 1.6 62 | —67 


is more likely, therefore, that the drug is acting by virtue of its major effect, 
that of sodium depletion. These experiments, in accord with those of other 
workers,!:2° therefore implicate the sodium ion in the process of contractility 
of the smooth muscle of blood vessels. If the sodium ion acts directly, an op- 
timum concentration could be postulated, both above and below which in- 
creased contractility is produced. If an enzyme system” is hypothesized to 
be involved, on the other hand, the sodium ion in normal concentration would 


972 Annals New York Academy of Sciences 


be visualized as an activator of the reaction; in high concentration the ion 
probably would be inhibitory by virtue of suppression of some other concomi- 
tant ionic activation, whereas in low concentrations there would be less activa- 
tion of the enzymatic process. 

The other actions of chlorothiazide and its congeners are inconsistent, and 
probably represent complex hemodynamic effects produced by such factors 
as decreased plasma volume and decreased cardiac output, together with com- 
pensatory or permissive neurogenic reactions to such events. It is of interest 


TABLE 5 
BerorE (1) AND AFTER (2) 10 MG. OF BENZYDROFLUMETHIAZIDE DAILy FOR 
Two WEEKS IN THREE NORMOTENSIVE SUBJECTS 
A = after vasodilatation, B = before vasodilatation, C = after vasodilatation 
and NE infusion 


= Dig. | Radius | Work of | Rate, | Work/ 
: blood 7 f NE ./min.| P 
pt, [Aged] phase| DBP | BP [dig. B:P. [ow (ce./| Catv: | YASOCOR-| infusion |(10 ergs/| cent 
(mm. Hg)|(mm. Hg)|(mm. Hg) cain X 10-2) |(108 ergs) ok ime-/ meh change 
28 | 31F 1A | 92/60 | 90/60 63 0.17 2.6 
1B |124/70 |122/80 90 0.10 2.4 0.95 
1C |140/80 |140/86 97 0.17 225 0.46 1 46 
2A | 96/60 | 92/66 64 0.26 2.9 
2B {114/70 |110/66 74 0.17 oT | ce 
2C |136/80 |108/72 74 0.17 Dek Lit 220 53 +15 
“29 17M | 1A | 90/60 | 84/58 56 0.24 3.0 
1B {116/70 |102/68 2 0.17 wwf 13 
1C |130/86 138/80 85 0.29 2.9 0.37 0.8 41 
2A | 82/50 | 72/50 47 0.25 Yai | 
2B |110/64 | 98/60 64 0.20 2.9 0.84 
2C 136/80 |134/84 89 0.28 2.9 0.84 | 0.85 99 |+141 
30 | 17M | 1A |110/70 |106/64. 67 0.27 2.9 
1B {126/80 |126/78 92 0.04 2.3 320 
1C 134/80 |130/76 84 0.24 2.8 0.52 1.4 EW 
2A | 98/60 | 90/40 47 0.27 Sen 
2B 124/70 |104/48 57 0.25 oe 0.38 
2C {130/74 |102/62 65 0.24 3.0 1.0 1.4 74 |+100 


that in normotensive subjects the blood pressure remains constant by virtue 
of hemodynamic effects counterbalancing each other, rather than by failure of 
the drugs to influence the cardiovascular system. 

It is also apparent, despite the small number of cases, that with equipotent 
dosage the effects of the congeners of chlorothiazide on the digital circulation 
are not significantly different from those of the parent drug. 


Summary 


(1) Chlorothiazide and its congeners were administered to normotensive sub- 


jects and ‘patients with hypertension, and their effect observed by means of 
digital circulatory tests. 


Mendlowitz et al.: The Effect of Chlorothiazide 973 


(2) In the hypertensive subjects the only consistent changes produced were 
a decrease in blood pressure and in digital vascular reactivity to /-norepineph- 
rine (NE), whereas in the normotensive subjects there was no change in the 
blood pressure and usually an increase in NE reactivity. 

(3) Complex hemodynamic changes differing from case to case accounted 
for the decrease or the absence of change in blood pressure in both groups. 

(4) The relation between NE reactivity and the blood pressure in these 
groups after treatment with these sodium-depleting drugs may be explained 


TABLE 6 
BEForeE (1) AND AFTER (2) 10 MG. OF BENZYDROFLUMETHIAZIDE DAILY FOR 
Two WEEKS IN THREE HYPERTENSIVE SUBJECTS 
A = after vasodilatation, B = before vasodilatation, C = after vasodilatation and 
NE infusion 


ty Dig. Radi Work of | Rate, | Work/ 
Brach. | Digital Ef. blood Be eens Ot ot N. ./min. 
pt, |A€2"4) Phase] “BP. | BP. dig. B.P. |flow (cc./|,CUYB | vasocon-| infusion |(10¥ ergs/| cent 
(mm, Hg)|(mm. Hg)|(mm. Hg) Epes x 10-2) (103 ergs) Cote a BE, change 
31| 57F | 1A |154/94 |156/90 109 0.07 1.8 
1B /|264/124)194/114) 141 0 0 7.8 
1C |250/136|212/126) 153 0.05 1.7 3.4 0.48 710 
2A |196/110|170/110) 125 | 0.11 | 2.1 
WB |220/1221188/120|" 141 |) 0.04.0) 1.75 | Bit 
2C |264/126/226/126} 157 0.04 ie 7) Dl 0.79 2600 —63 
32] 41F | 1A /140/90 |138/88 93 0.28 Zed 
1B /156/96 |144/88 99 0.19 2.6 0.67 
1C /|190/108)174/100} 120 0.18 viae) 0.50 | 0.82 183 
2A | 96/66 | 86/60 58 0.26 a) 
2B |120/70 |110/70 76 0.16 2.8 0.95 
2C 140/90 |118/82 83 nei ZED 0.46 | 0.88 52 —72 
33 | 25F | 1A /110/74 | 96/70 68 0.27 2.9 
1B /|156/100/126/90 100 0.04 Dal 4.9 
1C |150/100)148/96 107 0.15 Zao DHSS) Ne! 180 
2A {106/70 | 90/62 61 0.23 2.9 
2B {120/80 |108/70 81 0.05 259 3.0 
2C |156/100)144/90 101 0.17 2.6 125 0.82 178 —1 


by postulating an optimum concentration of the ion, below and above which 
smooth muscle contractility is stimulated or by considering sodium to be an 
ionic activator of an enzyme system. 
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THE ROLE OF DIURETICS IN THE MANAGEMENT 
OF HYPERTENSION 


William Hollander, Aram V. Chobanian, Robert W. Wilkins 
Boston University School of Medicine, Boston, Mass. 


A number of diuretic agents such as the mercurials and benzothiadiazines 
have been shown to be useful in the clinical management of arterial hyper- 
tension, especially in combination with other drugs. The exact manner in 
which these agents lower blood pressure has not been clearly established. How- 
ever, studies in our laboratory have indicated that the antihypertensive effect 
of these agents is not due solely to sodium depletion.-? The metabolic studies 
that support such a conclusion are reviewed in the present report. In addition, 
the antihypertensive actions of a new group of diuretic compounds, the steroidal 
lactones, are described.*® 


Procedure and Results 


The metabolic study shown in FIGURE 1 was undertaken in a subject with 
uncomplicated essential hypertension to determine whether sodium depletion 
was directly responsible for the antihypertensive action of chlorothiazide.* 

During a moderately high sodium intake of 163 mEq./day, chlorothiazide 
produced an appreciable reduction in the blood pressure that was associated 
with a net sodium loss of 242 mEq. and a weight reduction of 1 kg. When 
fluorohydrocortisone, a mineralocorticoid, was added to the chlorothiazide regi- 
men, it restored the sodium balance to control values but did not block the anti- 
hypertensive effect of the chlorothiazide. The retention of sodium caused by 
fluorohydrocortisone was accompanied by a further depression of serum po- 
tassium. 

These and similar studies in other patients indicate that the hypotensive 
action of chlorothiazide is not solely or chiefly due to sodium depletion. How- 
ever they do not exclude fluid volume changes as a cause of the antihyperten- 
sive action of chlorothiazide, especially since the weight reduction caused by 
chlorothiazide was not corrected by fluorohydrocortisone. In view of these 
findings and those of other workers,*” suggesting that the antihypertensive 
effect of chlorothiazide might be due to a reduction in plasma volume, it was 
decided to study the effects of changes in plasma volume on the blood pressure 
responses to chlorothiazide. The results of one of these studies is shown in 
FIGURE 2. Shortly after the administration of chlorothiazide there was an 
appreciable reduction in blood pressure, which was associated with a significant 
decrease in plasma volume and weight. When plasma volume was then re- 
expanded to and above control values by infusing 500 cc. of plasma, the anti- 
hypertensive effect of chlorothiazide was maintained. The additional infusion 
of 1500 cc. of isotonic saline also had no striking effect on the blood pressure. 
The total sodium content of these parenterally administered fluids was 286 
mEq., more than adequate to compensate for the net loss of sodium produced 
by chlorothiazide prior to their administration. These and similar observa- 
tions in other patients indicate that neither a reduction of plasma value nor 
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of body sodium is directly responsible for the early hypotensive action of chloro- 
thiazide. 

Measurements of body fluids and electrolytes before and after prolonged 
chlorothiazide treatment also have indicated that the late antihypertensive 
effect of chlorothiazide is not due solely to sodium or fluid volume depletion." 
2,5 Similar observations have recently been reported by other workers.®:® 


L.K #,44-Ess Hypertension 
CHLOROTHIAZIDE 
750 mg. / doy 


PLACE BO PLACEBO 
9-da-FLUORO- 
HYDROCORTISONE 
200 3mg./doy 
BLOOD eS 
PRESSURE 150 
mm.Ha 125 
cs f 


Sodium Intake 163 mEg 7 day 


CUMULATIVE 
sopium = t '!00 
BALANCE g 
mEq, aa ea Y tty 
Intake —100 
By comutctive Bal. YYy Gf 
-—200 ZA Y Zp: : 
Us 
Serum Sodium,mEq/l. \42 139 142 143 143 145 
Serum Potassium,mEg./.. 4.5 46 36 3.5 29 3.4 3.8 
WEIGHT 695 
kg. 68 
67 
Lt [2 [3[4[s5l6]7] 8]9 iojn fi2]i3 ia [15 [ie [7 [18 |19 [20/21 [22]23]24 [25]26) 


TIME IN DAYS 


Ficure 1. The effect of 9-a-fluorohydrocortisone on the diuretic and h i i 
of chlorothiazide in a subject with essential hypertension. In each hae ae Tod 
pressure that is plotted daily is the average value of six or more determinations. The daily 
intake of sodium or potassium is represented by a solid area that is measured upward from the 
zero base line. The cumulative negative sodium or potassium balance is shown by a hatched 
or cross-hatched area below the zero base line. The cumulative positive sodium or potassium 


bal ; : Si eee ; peat 
a ee - aa above the zero base line. Weight in kilograms is shown at the beginning 


As shown in TABLE 1, chlorothiazide given continuously for four to eight weeks 
produced a significant reduction in blood pressure, but did not alter significantly 
a total exchangeable sodium (Na space) or the extracellular fluid volume 
(S#°O,4 space). However, the total exchangeable potassium (K*® space) was 
reduced during such therapy. These observations suggest that the initial losses 
of body sodium and fluids caused by chlorothiazide are slowly corrected during 
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continued treatment with the drug.. Some of the possible mechanisms that 
might operate to offset the early diuretic effects of chlorothiazide include a re- 
duction in glomerular filtration rate and an increase in aldosterone activity. 
Chlorothiazide and its derivatives appear to have a selective antihypertensive 
action in arterial hypertension even when body fluid and electrolyte composi- 
tion are not altered significantly in this condition. TABLE 2 shows that serum 
osmolarity, extracellular fluid volume (S**O, space), and total exchangeable 


HW. 2, 36 — Ess. Hyp. 


CHLOROTHIAZIDE 
750 mg/day , p.o. 


200 


BLOOD 
URE 
PRESS 150 


mm. Hg 


PLASMA 
VOLUME 
ce. 


WEIGHT 
kg. 


FicurE 2. The effect of plasma volume on the antihypertensive action of chlorothiazide 


TABLE 1 


Tur Errect oF ConTINUOUS CHLOROTHIAZIDE THERAPY ON Bopy FLUID AND 
ELECTROLYTE COMPOSITION IN 12 SUBJECTS WITH ARTERIAL HYPERTENSION 


Exchangeable 
Ai waste | Deedpeawe | EGE [wm | x 
(mEq./kg. B.W.) 
63.6 205/122 13.9 37.8 32.8 
i (419) (+411) (41.2) (44.1) | (45.4) 
iazi 29.9 
Chlorothiazide 64.4 161/93 13-5: 37.4 ; 
(378-750 mg./day for (411) (+7) (41.4) (44.0) | (44.8) 
4-8 weeks) 
P value Ons <0.01 0.2 0.6 0,02 
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sodium (Na,) and potassium (K,) are not significantly different in subjects 
with uncomplicated essential hypertension as compared with control subjects. 
In view of the apparent selective action of chlorothiazide and mercurial diuretics 
in hypertensive subjects it has been postulated that diuretics might lower the 
blood pressure by interfering with some pressor mechanism, possibly arising 
in the kidney.2* It is interesting that Judson and Helmer have reported re- 
cently that antihypertensive drug therapy is capable of reducing the vasocon- 
strictor activity in the renal vein blood of some hypertensive patients.”” 

The experiments shown in FIGURE 3 indicate that the hypotensive effect of 
chlorothiazide is not necessarily accompanied by an alteration in the reactivity 
of the blood pressure to norepinephrine. In FicuRE 3 the increases in blood 
pressure caused by continuously infused norepinephrine after one week of 
chlorothiazide treatment were considerably less than those caused by the same 
doses of norepinephrine during the control period. However after more pro- 
longed chlorothiazide treatment (eight weeks) the blood pressure, although 


TABLE 2 
Bopy FLvuip AND ELECTROLYTE COMPOSITION IN EsSENTIAL HyPERTENSION 


: E.C.F. Na, per Ke per 
No. of| Age | Weight | B.P. (S*0. Serum | body wt. | body wt. 
G 1 

roup cases | (yrs.) | (kg.) | (mm. Hg) nee e % armors ee / ee 

Controls 20 46 |= 75 120/75 14.7 286 36.2 34.6 
(49) | (14)| (412/8)| (41.5) | (44.5) | (44.1)| (47.1) 

Hypertensives 20 49 15) 202/122 14.1 288 sil 35.9 
(-10)| (+12)|(427/13)| (41.1) | (45.5) | (45.0)| (47.9) 

P 0.3 >0.09) <0.01 0.2 0.1 0.5 0.5 


still reduced, again became as responsive to infused norepinephrine as it had 
been during the control period. The changes in reactivity of the blood pres- 
sure during chlorothiazide treatment in these and other experiments appear to 
parallel the changes of body sodium rather than those of any of the other elec- 
trolytes measured. 

A number of other sulfonamide diuretics have been studied in arterial hy- 
pertension. They include hydrochlorothiazide, hydrotrichlorothiazide, flume- 
thiazide, hydroflumethiazide, benzydroflumethiazide, and chlorthalidone. The 
mode of action of these drugs on the blood pressure appears to be similar to 
that of chlorothiazide. Their long-term effect on the blood pressure and serum 
electrolytes also appears to be comparable to that of chlorothiazide. 

The metabolic study shown in FIGURE 4 in a subject with uncomplicated 
essential hypertension was undertaken with SC 8109, an aldosterone antago- 
nist, because of the possibility that an increased excretion of aldosterone might 
account for the absence of sodium depletion during continued chlorothiazide 
treatment.* 

When oral chlorothiazide was given alone, it produced a moderate reduction 
in blood pressure that was associated with a net sodium loss of 150mEq. After 
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a further continuation of chlorothiazide administration failed to produce any 
further decrease in the blood pressure and sodium balance, SC 8109 was added 
to the treatment. It was given for four days in combination with chlorothia- 
zide, and caused further reductions of blood pressure and body sodium; the 
net loss of sodium increased to 300 mEq. On withdrawing SC 8109 while 
continuing chlorothiazide, the blood pressure and sodium balance returned to 
pre-SC 8109 levels. The latter part of the experiment with fluorohydrocorti- 


HW.2, 34 
ope Serum | Serum (mEq. /I. ) | /\.) 
/xa-wot| We [Na [COe| Cl | 


ce [| | [ofr 
ron [i was [5/95] e80 | 302 [38 7 


” Seeicr Ob 


LATE Chlorothiazide k 
50 —x Control 
40 
AV. INCREASE 
INBP 30 e EARLY Chlorothiazide & 
mm. Hg 
20 


O | 2 © 4 
NOREPINEPHRINE ,_g./min. 


Ficure 3. The effect of early and late chlorothiazide treatment on the reactivity of the 
blood pressure to increasing doses of infused norepinephrine in a subject with essential hyper- 


tension. 


sone is similar to that described in FIGURE 1. When fluorohydrocortisone was 
added to chlorothiazide it corrected the negative sodium balance previously 
caused by chlorothiazide to a positive balance, but did not abolish the anti- 
hypertensive effects of chlorothiazide. It is noteworthy that in this experi- 
ment as in the previous one (ricuRE 1) fluorohydrocortisone augmented the 
hypopotassemic effect of chlorothiazide. 

These as well as other metabolic studies indicate that the steroidal lactones 
and aldosterone antagonists are capable of exerting an antihypertensive as 
well as a diuretic action. They also support the hypothesis that the diuretic 
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effects of chlorothiazide tend to be counteracted by an increase in aldosterone 
activity, whereas the hypokalemic effects of chlorothiazide tend to be aug- 
mented by an increase in aldosterone activity. i 

The metabolic effects of a more potent steroidal antagonist, SC 9420 or 
spironolactone, are shown in a subject with uncomplicated hypertension in 


RO #, 45 - Essential Hypertension CHLOROTHIAZIDE 


PLACEBO PLACEBO 
9-d-FLUORO - 
HYDROCORTISONE 
5 mg. /day 
BLOOD 
PRESSURE 
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CUMULATIVE 


SODIUM Sodium Intake 77 mEq / day 
BALANCE 


mEq. 


Intake 100 
Y Cumulative Bal. 
- 200 


Serum Sodium, mEq/l, \47 147 
Serum Potossium,mE&q/l, 4\ 39 


WEIGHT 
kg. 


TIME IN DAYS 


Ficure 4. The effect of a steroidal lactone and antagonist (SC 8109) and 9-a-fluorohy- 


drocortisone on the diuretic and hypotensive actions of chlorothiazide in a subject with 
essential hypertension. 


FIGURE 5.° During a moderately high sodium intake of 145 mEq./day, SC 
9420, alone, in a daily oral dosage of 300 mg., effectively reduced the blood 
pressure. The fall in blood pressure was gradual and appeared to parallel the 
loss of body sodium, which totaled 228 mEq. Accompanying the sodium 
diuresis there was a slight retention of potassium. Weight reduction also oc- 
curred during SC 9420 administration, but serum sodium and potassium, plasma 
volume, and creatinine clearance did not change. The infusion of 1000 cc. of 
isotonic saline on the 14th and again on the 15th metabolic days reduced the 
negative sodium balance, but did not increase the blood pressure. The blood 


Y AT 
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pressure also was not increased during a second saline infusion, when the sodium 
balance was estimated to be close to zero. In FIGURE 6 the hypotensive effect 
of spironolactone (SC 9420) is:shown to be associated not only. with a negative 
sodium balance, but also with a reduction in plasma volume and creatinine 
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DAYS 
Ficure 5. The effects of spironolactone (SC 9420) before and after infusions of saline in 
a subject with uncomplicated essential hypertension. 


clearance> It is noteworthy that spironolactone continued to exert an anti- 
hypertensive effect even when the plasma volume was re-expanded to and above 
the control values on the 15th metabolic day by the infusion of 500 cc. of plasma. 
These and similar observations in other subjects suggest that the hypotensive 
action of spironolactone, similar to that of chlorothiazide, is not due solely to 
a reduction in body sodium or in plasma volume. 
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As shown in FIGURE 7, the effects of spironolactone on the sodium and potas- 
sium balances in a normal subject receiving a moderately high intake of sodium 
were comparable to those observed in hypertensive subjects. However, SC 
9420 had no effect on the blood pressure. The latter part of the experiment 
in FIGURE 7 shows that when parenteral DOCA (desoxycorticosterone) was 
added to the regimen of SC 9420, it had no effect on the sodium and potassium 
balances although, when givenalone, it caused retention of sodium and increased 
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Ficure 6. Th i r . 
isa Buperennte ee of spironolactone (SC 9420) before and after the infusion of plasma 


excretion of potassium. These and other similar findings indicate that the 
An lactones are steroidal antagonists that cause a sodium diuresis even 

i: a moderately high sodium intake, in normal as well as in hypertensive 
su ae Although these observations might suggest a nonspecific diuretic 
a ) bee drug, they are consistent with the hypothesis that the steroidal 

ones antagonize normal as well as increased amou 

mineralocorticoids. 8 PO ee 
? The clinical effects of spironolactone in a subject with uncomplicated essential 

dee are shown in FIGURE 8. A combination of reserpine, hydralazine, 
and hydrochiorothiazide had produced a moderate reduction in blood pressure. 


‘ 
re \ 
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However the patient experienced extreme weakness, which was associated with 
a marked depression of serum potassium to 2.2 mEq./l. Following the addi- 
tion of spironolactone there was a further reduction in blood pressure, an in- 
crease in serum potassium to normal, and a complete disappearance of all symp- 
toms. In the last part of the study satisfactory control of the blood pressure 
and serum electrolytes was achieved with spironolactone alone, as well as in 
combination with hydrochlorothiazide. 

The clinical effects of spironolactone on the blood pressure of 37 hypertensive 
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Ficure 7. The effects of spironolactone and desoxycorticosterone (DOCA) in a normal 
subject. 


subjects, who received the compound continuously for 1 to 10 months during 
an unrestricted salt intake, are summarized in TABLE 3. When spironolactone 
was given alone it produced an appreciable reduction of blood pressure in about 
one half the subjects who also had previously responded to chlorothiazide. In 
combination with other antihypertensive drugs, including chlorothiazide, spiro- 
nolactone caused a further reduction of blood pressure in three quarters of the 
subjects. The hypotensive action of spironolactone, unlike that of chloro- 
thiazide, was gradual in onset. It usually occurred in one to two weeks, and 
was maximal in two to three weeks after the administration of the drug. 

The effect of spironolactone on serum sodium and potassium in 30 of the 
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hypertensive subjects is summarized in TABLE 4. Spironolactone alone, in a 
usual dose of 300 mg./day, had no appreciable effect on serum sodium but did 
produce a slight rise in serum potassium that later decreased toward control 
levels during more prolonged administration of the drug. Before the addition 


of spironolactone, the chlorothiazides produced a depression of serum potassium 
by more than 0.4 mEq./l. in 60 percent of the subjects, and to below 3.5 mEq./L., 
the lower range of normal, in 35 per cent of the cases. When spironolactone 
was then added to chlorothiazide, it increased and restored serum potassium 
to normal in almost every case. The effects of spironolactone given in com- 
bination with chlorothiazide on serum sodium were not striking except in one 
patient who developed hyponatremia. 


TABLE 3 
SPIRONOLACTONE (SC 9420) in 37 HYPERTENSIVE SUBJECTS 


Average Range of B.P Usual 
D No. of No. of BP. ea d Dose range 
rugs cases |responders (oductn fom i a ne Jaan) (mg./day) 
Spironolactone 12 an) 21/11 15-65/10-35 300 200-400 
Other drugs + spirono- : 
lactone 25 18 31/16 15-55/10-30 200 150-300 
TABLE 4 


Tuer EFFECT OF SPIRONOLACTONE (SC 9420) on SERUM SopIUM AND POTASSIUM 


10 Cases 20 Cases 


Control Spironolactone Control Thiazide A ca yecapen é 


Serum sodium mEq./l. 142 141 142 141 140 
(139-145) | (136-144) | (138-147) | (137-145) | (134-142) 
4.5 4.8 4.4 3.6 4.4 


Serum potassium mEq. /I. , 5 : ; : 
(3.8-5.0) | (4.0-5.5) | (3.7-5.0) | (2.44.5) | (3.5-5.0) 


Summary 


The initial antihypertensive effect of the chlorothiazides and steroidal lac- 
tones is associated with a loss of body sodium and a contraction of plasma vol- 
ume. However a simple reduction in body sodium or in plasma volume does 
not appear to be directly responsible for the hypotensive action of these agents, 
since acute experimental correction of these fluid and electrolyte deficits is not 
followed by a return of the blood pressure to anywhere near control levels. The 
late hypotensive effect of these agents likewise may occur without measurable 
decreases in total body fluids or electrolytes, or a reduced reactivity of the blood 
pressure to infused norepinephrine. The possibility that diuretics may lower 
the blood pressure by interfering with some arterial pressor mechanism has 


been suggested, although not proved. 
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While the mode of action of spironolactone on the blood pressure appears 
to be similar to that of chlorothiazide, it may be related to antisteroidal effects. 
The latter mode of action is consistent with the increased aldosterone excre- 
tion reported by Genest and others to occur in uncomplicated essential hyper- 


tension.” : : : 

The sulfonamide diuretics given in comparable diuretic doses over a pro- 
longed period appear in general to be equally effective in reducing the blood 
pressure and to have comparable effects on the serum electrolytes. Spirono- 
lactone also is an effective antihypertensive agent, especially when given in 
combination with other antihypertensive drugs. It does not depress serum 
potassium but, on the contrary, corrects the hypokalemia produced by the 
usual diuretics. 
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Discussion of the Paper 


Leo ScHAMROTH (Mercy Hospital, Baltimore, Md.*): The paper by Hol- 
lander is most interesting and stimulating. One of the most significant points it 
introduces is the hypothesis that the thiazide derivatives have a specific anti- 
hypertensive action, an action quite divorced from their diuretic effect and as 
yet unexplained. During the past year my associates and I have been evaluat- 
ing the effect of one of these thiazide derivatives, benzydroflumethiazide (Na- 
turetin), in the treatment of essential hypertension. Our results thus far have 
supported very strongly the correctness of the hypothesis presented by Hol- 
lander, namely, that the thiazide derivatives have a specific antihypertensive 
action. 

Our investigation was conducted with 30 patients with essential hyperten- 


* Present address: Baraganavath Hospital, Johannesburg; Union of South Africa. 
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sion who were being treated as outpatients. These patients were carefully 
screened to exclude renal disease, were not edematous, and were given no other 
medication during the trail. Furthermore, the study was designed to elimi- 
nate in so far as possible the influence of all extraneous factors that could be 
controlled and therefore to ensure that the effects seen were due exclusively 
to the administered medication. The details of procedure regarding the drug 
administration and the handling of patients were so planned that subjectivity 
on the part of the investigator was minimized. . Placebos were administered 
for a few weeks until a natural and stable base line was obtained. A period 
of several months followed during which the active drug was substituted for 
the placebo. Finally, there was a period of return to placebo, this phase being 
regarded as an important part of the trial and essential to a proper evaluation 
of the results. 

“Our results indicated that benzydroflumethiazide had a satisfactory anti- 
hypertensive action in 70 to 80 per cent of our cases (TABLE 1). At least 40 
per cent of the patients manifested a fall of 20 mm. Hg or more in diastolic 
pressure. The greatest falls in pressure occurred in those patients with the 
highest initial levels. The antihypertensive effect was obtained with dosages 


TABLE 1 
EFFECT OF NATURETIN IN A SERIES OF 23 HYPERTENSIVE PATIENTS 


Response Fall in diastolic B. P. (mm. Hg) No. of patients 
Excellent >20 10 (43.5%) 
Good 10 to 20 9 (39.1%) 
Little or none <10 4 (17.4%) 


varying from 10 to 40 mg. benzydroflumethiazide daily, taken in 2 divided 
doses. It was thought, however, that for the antihypertensive effect of this 
drug to be demonstrated with any degree of confidence a return to pretreat- 
ment levels should occur with the substitution of the second placebo regimen. 
This return was manifested in all cases in which the drug was effective in pro- 
ducing a fall in blood pressure. 

In Dallas, Texas (November 1959), where I presented an interim report on 
our work, some surprise was expressed at the high levels of our dosage. It 
was intimated that the same effects, if any, would have been elicited by 10 
mg./day and that, if the effect were not obtained with 10 mg., any further in- 
creases in dosage would be futile. We have since paid particular attention to 
this aspect of the problem and must repeat our previous observation, namely, 
that in some cases it is necessary to go as high as 40 mg./day before the de- 
sired effect is obtained. This confirms the old adage that the optimal dose of 
a drug is the dose that produces the desired effect with a minimum of side re- 
action. It was noted, too, that maximal reductions in blood pressure usually 
took from two to three weeks to develop. In some cases, however, there was 
an initial sharp drop in blood pressure within the first week. It is significant 


_ that these cases usually had a noticeable drop in weight. 


Most patients manifested some degree of weight loss, this loss averaging 
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about 5 lb. It should be emphasized, however, that in the majority of cases 
there was no correlation whatsoever between weight loss and blood pressure 
fluctuations either during the administration of the drug or when the placebo 
was substituted. 

It appears from these observations that the action of this drug is twofold: 
an initial drop in pressure may occur which is due in all probability to the 
diuretic effect, and a later fall may be seen, which is most probably due to a 
specific antihypertensive action. 

There was no significant electrolyte disturbance (TABLE 2). Such variations 
as were noted in potassium blood levels were well within the standard error of 
laboratory technique. Many of our patients showed significant increases in 
blood uric acid levels while on the drug, but none of them exhibited any of the 
clinical manifestations of gout. 


TABLE 2 


CHANGES IN SERUM ELECTROLYTES AFTER 4 TO 8 WEEKS OF TREATMENT 
witH NATURETIN 


Potassium (mEq./I.) Sodium (mEq. /1.) Chloride (mEq./1.) 
Increase Decrease Increase Decrease Increase Decrease 

0.22 0.75 fis Law Sat! 12h 

0.40 0.18 19.3 5.4 

0.05 0.49 6.6 6.6 

0.06 4.3 12.5 

0.36 2-5 4.5 

1.36 1322 1.4 

0.40 9.8 7.6 

0.43 OS Tal 

4.0 12.0 

13.0 0.5 
Mean 0.41 0.47 9.35 172 Jeu 5.93 

No. of cases 8 3 10 1 1 10 

Standard error +0.3 +0.3 +0.25 +0.25 +0.25 +0.25 


Perhaps most noteworthy of all was the complete absence of any side effects. 
These were neither volunteered by the patient nor elicited by close questioning. 
There were no skin reactions, gastrointestinal or genitourinary manifestations; 
nor was there joint involvement, even with dosage as high as 40 mg./day. Tne 
deed, most or nearly all of the patients reported a feeling of well-being asso- 
ciated with the alleviation of symptoms due to the hypertension. 

The feeling of well-being is very apparent when contrasted with the status 
of those patients who receive ganglion-blocking agents. All of us who have 
had experience With the ganglion-blockers will have noted that patients usually 
feel “under the weather” while on this form of therapy. This may be due 
to the difficulty of gauging correct dosage. In any event, it has been facetiously 
said that these drugs make one as weak as a kitten, as constipated as an owl 
as blind as a bat, and as impotent asa capon. I do not for one moment shgcest 
that the thiazide derivatives are a substitute for the ganglion-blocking agents; 
it should be stressed, however, that agents of this nature, such as benzydro- 
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flumethiazide, with an absence of any significant side reaction, provide a very 
useful addition to the antihypertensive armamentarium. These agents repre- 
sent a significant advance in antihypertensive therapy, and it appears that 
they are indicated in all grades of essential hypertension. They are also useful 
as adjuvant therapy in cases requiring ganglionic-blocking agents and in which 
ganglion-blockers are contraindicated, as in severe myocardial and cerebral 
arterial disease. When used with the blocking agents, the diuretic effect of 
the thiazides is additive and usually beneficial. 

The interest in the thiazide drugs stems from their effectiveness and minimal 
side reactions and, as Hollander suggests, their specificity of action in hyper- 
tension. I believe that we may look forward to the day when, by juggling 
the basic structure of the thiazide radical, an analogue will be compounded 
that will have only hypertensive action and no diuretic action whatsoever. 


CLINICAL EVALUATION OF GUANETHIDINE 
IN HYPERTENSION 


Robert F. Maronde, Benjamin Barbour 


Hypertension Clinic, Los Angeles County General Hospital and Department of 
Medicine, University of Southern California, Los Angeles, Calif. 


L. Julian Haywood, John Denney 


Hypertension Clinic, Los Angeles County General Hospital and Department of 
Medicine, College of Medical Evangelists, Los Angeles, Calif. 


The amidoxime, (2-[octohydro-1-azociny]]-ethyl)-guanidine sulfate, was de- 
veloped as an antihypertensive agent and given the generic name guanethidine.’? 
This followed the preliminary work with other amidoximes by Mull and his 
associates.2 The main chemotherapeutic action of these substances is due 
to the blockade of the sympathetic nervous system, apparently at the site of 
their peripheral terminals.? It should be noted that they enhance the pressor 
response of the pyrocatechol derivates, which contain the structure 


OH 
Dy 


and block the pressor effect of the neurosympathomimetics containing the 


structure 
H H 
HO / \ 4 or C )-§ 
=r I 


Norepinephrine, epinephrine, synephrine, and neosynephrine are among those 
amines whose pressor action is augmented. Amphetamine, phenylethylamine, 
methamphetamine, tyramine, and paredrine are among those whose pressor 
action is blocked.‘ 

Clinical evaluation of guanethidine has demonstrated that it lowers the 
blood pressures of hypertensive individuals.** The purpose of the present 


study is to evaluate guanethidine as an antih i i 
ypertensive agent by using the 
double-blind technique. j ; a : 


Method 


Selection of patients. Outpatients attending the hypertension clinic at the 
Los Angeles County General Hospital for a period of not less than six months 
were selected for this study. Those eliminated from this group were persons 
who previously had been diagnosed as having “malignant” or accelerated 
hypertension, those with a serum urea nitrogen above 30 mg. per cent, or those 
who had been in serious cardiac decompensation as the result of hypertensive 
heart disease and whose blood pressures were now controlled by therapy. 
Forty-one patients started on the double-blind evaluation. 

Clinic procedures and double-blind technique. A\\ medications were stopped 
for at least a consecutive 4-week period. During this interval every patient 


990 


-_- 


NT eee A Nt 
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had a chest X ray, electrocardiogram, hemoglobin, white blood count, urijnal- 
ysis, serum urea nitrogen, and serum glutamic-oxaloacetic transaminase 
(SGOT) determination. These laboratory procedures, except for the electro- 
cardiogram and chest X ray, were repeated at the minimum of every 4 weeks 
throughout the study. The supine or standing diastolic pressure was required 
to be 110 mm. Hg or more before a patient was included in the double-blind 
evaluation. All patients were seen at 2-week intervals. 

One 25 mg. tablet of guanethidine and an identical placebo tablet were used. 
A single daily dose with breakfast was given. Each patient was started on 
one-half tablet per day, and this was increased at the rate of one-half tablet 
per week until one or more of the following events took place: (1) the systolic 
pressure reached 150 mm. Hg; (2) the diastolic pressure reached 90 mm. Hg; 
or (3) side effects necessitated a reduction or stabilization of dosage. 

The physician who dispensed the medications did so in a room that was 
separate from the clinic. He was not in contact with the other personnel 
during the time the clinic was in progress. His records were kept confidential 
until the study was terminated. He did not participate in the evaluation of 
the patients. Conversely, those involved in evaluating the patients did not 
know which form of therapy was being given. The dosage of medication and 
written instructions were given to the patients by the physicians doing the 
evaluation. The double-blind evaluation was carried out for a 12-week period. 

The method of measuring the blood pressure was as follows. Six curtained 
booths, which contained examining tables, were used. The patients were 
taken in the order in which they registered. After being recumbent for at 
least 10 min., the blood pressure was measured in the left arm with an aneroid 
sphygmomanometer. This was repeated with the patient in the sitting and 
then the standing positions. The same sphygmomanometer was used through- 
out, and it was calibrated with a mercury manometer. Three medical residents 
took the blood pressures in rotation, each taking an entire clinic visit. The 
previous readings were not available to them at this time. The patients were 
questioned for side effects only in general terms. 

Statistical methods. The physician who dispensed the medications made a 


4 random list of all patients in the study and selected alternate patients to whom 


guanethidine was given. An identical placebo tablet was given to the remain- 


ing patients. 
The standard error of the difference between two means, using ¢ values with 


appropriate degrees of freedom, was used to ascertain the probability of whether 


any changes in the arithmetical means, designated as %, of the systolic and di- 
astolic pressures were due to random fluctuations of the sample. The prob- 
ability (P) of 0.05 or less was considered significant. The formula sp = 
s’\/(N; + Nz2)/NiN2 was utilized to determine the standard error (sp) of 
the difference, where s’ designates the estimated standard deviation of the 
population and WN; and NW» represent the number of observations within each 
sample. The formula used to find s’ was 


2 (Za)? Dia aa 
on E = ™, | + E Ne 
Nit Ne—2 
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where x, and x2 represent an observation (blood pressure) within a sample. 
The t values were found by using the formula ¢ = (%, — %2)/sp where % and 
%. represent the arithmetical means of the groups that were compared. 

All supine and standing systolic and diastolic blood pressure measurements 
for the initial 6-week and for the entire 12-week period were utilized for the 
statistical analysis (APPENDIX, TABLES 1A to 8A). The mean pressures of the 
placebo- and guanethidine-treated groups were compared with one another, 
and the mean pressures of the placebo- and of the guanethidine-treated groups 
were, in turn, compared with the corresponding blood pressures of the entire 
group of 41 patients at the onset of the study. 


Results 


Forty-one patients were selected for the double-blind evaluation. Twenty 
were given guanethidine, while 21 were in the placebo group. There were 28 
females and, of the total of 41, 31 were Negroes. The age ranged from 30 to 
72 years, with a mean of 52. 

One individual was dropped from the guanethidine-treated group after 2 
weeks of therapy because of severe angina. No other patients in this group 
were lost from the study during the 12-week interval that comprised the double- 
blind evaluation. 

One patient was lost from the placebo group 6 weeks after the double-blind 
procedure had been initiated and he could not be traced. His mean standing 
diastolic pressure to this point was 105 mm. Hg. Three others from the 
placebo group were dropped from the series after 8 weeks of the double-blind 
evaluation, one because of intractable nausea, the other two because of severe 
headaches. These latter 3 patients attributed their symptoms to the therapy 
and they refused to continue the placebo medication. Their mean standing 
diastolic pressures to this point were 127, 113, and 119 mm. Hg respectively. 
A fifth patient was dropped after 10 weeks of placebo treatment because of a 
mean standing diastolic pressure of 156 mm. Hg and the appearance of retinal 
hemorrhages. These 5 patients, who were lost from the placebo group, had a 
mean standing diastolic pressure of 126 mm. Hg, well above the mean for the 
placebo group as a whole. Therefore their elimination from the latter part of 


the study should not bias the results in favor of guanethidine as an antihyper- 
tensive agent. 


Diastolic Pressures Responses 


At the onset of the study, the diastolic arithmetical means of the combined 
group, consisting of 41 patients, were 116 mm. Hg for both the supine and 
standing pressures, with a standard deviation of 25 for the supine pressure and 
22 for the standing pressures. The respective standard errors were 4.0 and 
3.5. The mean pressures for the 20 patients who subsequently were to com- 
prise the guanethidine-treated group were 117 mm. Hg supine and 119 mm. 
Hg standing. The mean pressures for the 21 patients who were to make up 
the placebo group were 116 mm. Hg supine and 113 mm. Hg standing. 

During the first 6 weeks of the double-blind study, the diastolic mean pres- 
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sures for the guanethidine-treated group were 111 mm. Hg supine and 101 mm. 
Hg standing, while the corresponding means for the placebo group were 118 
mm. Hg supine and 117 mm. Hg standing. For the entire 12 weeks of the 
double-blind evaluation, the means for the actively treated group were 108 
mm. Hg supine and 96 mm. Hg standing, and the comparable means for the 
placebo group were 116 mm. Hg supine and 115 mm. Hg standing. During 
the last 6 weeks of the study, the means for the guanethidine-treated group were 
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_Frcure 1. The mean supine and standing systolic and diastolic blood pressures of the 


_ guanethidine-treated and placebo groups. 


~ 105 mm. Hg supine and 92 mm. Hg standing, while those for the placebo group 


were 113 mm. Hg supine and 112 mm. Hg standing (FicuRE 1). 
The mean standing diastolic pressures of the guanethidine-treated group 


were significantly reduced during the first 6- and the entire 12-week period of 


treatment, when compared with the standing mean diastolic pressures of the 
placebo group for comparable intervals, and when compared with the stand- 
ing diastolic mean of the entire group at the onset of the study (P= 0.01): 
When the mean supine diastolic pressure of the guanethidine-treated group 
was compared statistically with the corresponding pressure of the placebo 
group, a significant drop was found in the guanethidine-treated group for the 


initial 6 weeks (P < 0.05) and for the entire 12-week period (P < 0:01). This 
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+s summarized in TABLE 1. Comparison of the supine diastolic pressures of 
the guanethidine-treated patients with the corresponding pressures at the onset 
of the study for the entire 41 patients, however, failed to reveal that this drop 


TABLE 1 


STANDARD ERROR OF THE DIFFERENCE BETWEEN THE MEANS, SUPINE AND 
STANDING DIASTOLIC PRESSURES (MM. Ho)* 


Comparison of the Placebo with the Guanethidine-Treated Group 


Before therapy 6 Weeks 12 Weeks 

Supine Standing Supine Standing | Supine | Standing 
P >0.5 |0.1 to 0.5/0.05 to 0.01 <0.01 | <0.01 | <0.01 
te 0.13 0.84 y Ariat 5.3 Sing 6.5 
SD the! (Ee 3.3 3.0 25 2.9 
ay 24.7 23 18.3 16.8 19.2 21.9 
ba 117 119 111 101 108 96 Treated 
oS 116 113 118 117 116 115 Placebo 


* % = mean; s’ = estimated standard deviation of the population; sp = standard error of 
the difference; ¢, = tabular value of ¢; P = probability that the differences were random 
fluctuations of the sample, with 1 = 100 per cent. P of 0.05 or less was considered signifi- 
cant. 


TABLE 2 
STANDARD ERROR OF THE DIFFERENCE BETWEEN THE MEANS, SUPINE AND 
STANDING D1AsTOLIC PRESSURES (MM. Hc)* 


Comparison of the Diastolic Means of the Placebo and the Guanethidine-Treated 
Group with the Diastolic Means of the Entire Group at the Onset of the Study 


6 Weeks 12 Weeks 6 Weeks 12 Weeks 


Placebo Treated 


Supine | Standing] Supine |Standing| Supine [Standing | Supine |Standing 


ip >0.5 |>0.5 |>0.5 |>0.5 0.5 to0.1/<0.01 |<0.05 |<0.01 
te 0.49 | 0.25] 0 0.29 1.09 3.84] 2.0 4.4 
SD 4.1 3.9 3.6 3.4 4.6 3.9 4.1 4.5 
Se ZORGE LOST NAD 7 al 1 SaG 22.5 19 Se 220 neon 


t 118 117 116 115 111 101 108 96 | After 
cd 116 116 116 116 116 116 116 116 Before B 


* Key to symbols as in TABLE 1. 


{ The means for the entire group prior to the stud 116 i 
standing diastolic pressures. whe mage a9 prsiincrmienacis 


was significant during the first 6-week period of the evaluation. A significant 
drop (P < 0.05) was found when the data for the entire 12-week period were 
utilized (TABLE 2). The reasons for these conflicting results during the first 6 
weeks of the double-blind study will be subsequently discussed. 

The supine and standing diastolic means of the placebo group showed no 
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significant change during the initial six and the entire 12 weeks of the double- 
blind procedure, when they were compared with the means of the combined 
group at the onset of the study. These results are summarized in TABLE 2. 


Systolic Pressures Responses 


The arithmetical means of the systolic pressures of the combined group of 
41 patients at the onset of the double-blind evaluation were 186 mm. Hg supine 
and 181 mm. Hg standing. The standard deviations were 25 and 22 respec- 
tively, with standard errors of 4.0 and 3.5. The means for the 20 patients who 
subsequently were to comprise the guanethidine-treated group were 187 mm. 
Hg supine and 179 mm. Hg standing, while the means of the 21 patients who 
were to comprise the placebo group were 185 mm. Hg supine and 183 mm. Hg 
standing. 


TABLE 3 


STANDARD ERROR OF THE DIFFERENCE BETWEEN THE MEANS, SUPINE 
AND STANDING SysTOLIC PRESSURES (mM. He)* 


Comparison of the Placebo with the Guanethidine-Treated Group 


Before therapy 6 Weeks 12 Weeks 


Supine Standing Supine Standing Supine Standing 


Ve >0.5 >0.5 >0.5 <0.01-| ->0-5 <0.01 

be 0.25 0.56 0.38 4.3 0 6.5 

SD 8.1 7.2 Jad 4.7 4.4 3.4 

Si 26 23 2953 26 33.2 25 

= 187 179 187 157 187 155 Treated 
Z 185 183 189 177 187 177 Placebo 


* Key to symbols as in TABLE 1. 


During the first 6 weeks of the double-blind study, the systolic mean pres- 
sures for the guanethidine-treated group were 187 mm. Hg supine and 157 mm. 
Hg standing. The corresponding means for the placebo group were 189 mm. 
Hg supine and 177 mm. Hg standing. 

After 12 weeks, the means for this entire interval of those patients treated 
with guanethidine were 187 mm. Hg supine and 155 mm. Hg standing. For 
the placebo group, these means were 189 mm. Hg supine and 177 mm. Hg 
standing. The systolic means for the last 6-week period of the double-blind 
study were 186 mm. Hg supine and 154 mm. Hg standing for the guanethidine- 
treated patients and 184 mm. Hg supine and 178 mm. Hg standing for the 
placebo group (FIGURE 1). Apis 

Using the standard error of the difference and the probabilities derived there- 
from, the mean standing systolic pressure in the guanethidine-treated group 
showed a significant drop during the first 6- and the entire 12-week period of 
the double-blind evaluation (P < 0.01) when compared with the placebo group 
for similar time intervals (TABLE 3), and to the means of the entire group at 


the onset of the study (TaBre 4). No significant change was found in the 


996 Annals New York Academy of Sciences 


supine mean systolic pressures of the guanethidine-treated group during this 
12-week period by either comparison. Comparison of the blood pressures of 
the placebo group for the 12-week. period of the evaluation, with the mean 
supine and standing systolic pressures at the onset of the study for the entire 
group of 41 patients revealed no significant difference (TABLE 4). 


Dosage and Side Effects 


The mean dosage of guanethidine after 6 weeks was 55 mg., with a range of 
25 to 100 mg. After 12 weeks, the mean dosage was 56 mg., with a range of 
25 to 100 mg. 

While taking guanethidine, nausea occurred in two patients with associated 
diarrhea in one. These symptoms responded to anticholinergic drugs in one 


TABLE 4 
STANDARD ERROR OF THE DIFFERENCE BETWEEN THE MEANS, SUPINE 
AND STANDING SysTOLIC PREssURES (mM. He)* 
Comparison of the Placebo and Guanethidine-Treated Groups with the Systolic Means 
of the Entire Group at the Onset of the Study 


6 Weeks 12 Weeks 6 Weeks 12 Weeks 


Placebo Treated 


Supine |Standing | Supine | Standing | Supine |Standing| Supine |Standing 


iP >0:59 |>0.5° 150.5) 10.5 to 0.1/>0°5° |<0.01 15075. 4|<0-08 
te 0.5 0.67 | 0.16 0.9 0.2 5.6 0.2 Saye 
SD 6.0 6.0 6.3 4.4 See 4.3 4.9 4.6 


s! 29.7 | 29.9 | 34.8 94°21 25.9" 191097127 6 eee 


x 189 177 187 177 187 157 187 155 | After R 
186 181 186 181 186 181 186 181 | Before R 


* Key to symbols as in TABLE 1. 


individual. However, in the other patient further increase in dosage was 
limited because of nausea. Fainting, presumably on the basis of postural 
hypotension, occurred a total of three times in two patients in the actively 
treated group. The frequency of disabling side effects appeared to be much 
less than with ganglionic blocking agents. . 

The hemoglobins, white blood counts, urinalyses, serum urea nitrogens, and 
SGOT levels did not change significantly. Ten patients were observed for as 
long as 18 weeks while they received guanethidine, and no abnormal alterations 
took place in any of the preceeding laboratory procedures. 


Discussion 


Comparison of the placebo group with the patients who received guanethidine 
was a more powerful test of significance, because of the greater number of ob- 
servations available than for comparison of these groups individually with the 
mean blood pressures at the onset of the study of the entire group of 41 pa- 
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tients. Therefore a significant drop in the mean supine diastolic pressure for 
those patients who had taken guanethidine was revealed by one method but 
not by the other. It should be noted that both methods showed that this 
drop in the supine diastolic pressure was significant when the data for the 
entire 12-week period were utilized. Furthermore, these two methods of 
comparison gave parallel results for significance of the drop in mean standing 
systolic and diastolic pressures of the guanethidine-treated group for the first 
6- and for the entire 12-week period of the double-blind procedure. The drop 
in the mean supine diastolic pressure with guanethidine without a significant 
change in the mean supine systolic pressure is of interest and, in our opinion, 
warrants further investigation. 

The relatively narrow dosage range found during the 12-week period that 
comprised this evaluation and the comparable mean pressure responses after 
six-and 12 weeks of therapy indicate that guanethidine had a fairly constant 
antihypertensive effect without evidence of tachyphylaxis. The number of 
serious side effects that occurred with the use of guanethidine were less fre- 
quent than those with the ganglionic blocking agents. However postural 
hypotension, with its associated hazards, obviously can occur as the result of 


guanethidine therapy, and judicious administration is advised. 


Summary 


(1) The amidoxime, guanethidine, when given in single daily oral dosage to 
a group of 20 patients, significantly lowered the standing mean systolic and 
mean diastolic pressures during the 12-week period of a double-blind study. 
The supine diastolic mean pressure was also significantly reduced. No sig- 
nificant change in supine systolic mean pressure was noted. 

(2) The mean systolic pressures of the guanethidine-treated group during 
the last six weeks of therapy were 186 mm. Hg supine and 154 mm. Hg stand- 
ing, as compared with 178 mm. Hg supine and 184 mm. Hg standing for the 
placebo group. 

(3) The mean diastolic pressures during the last six weeks of treatment with 
guanethidine were 105 mm. Hg supine and 92 mm. Hg standing, as compared 
with 115 mm. Hg supine and 116 mm. Hg standing for the placebo group. 


Acknowledgments 


We thank Collin Cooper, Donald Feinstein, Edward Henderson, John Egan, 
Eli Ginsberg, and George Herron for their participation and help. ; 

We are indebted to J. L. Webb, Department of Pharmacology, University 
of Southern California School of Medicine, for his helpful suggestions in initiat- 


ing this study. 


References 


1. Maxwett, R. A., R. P. Mui & A. J. Prummer. 1959. [2-(Octahydro-1-azocinyl)- 
ethyl]-guanidine sulfate (Su 4029), a new synthetic antihypertensive agent. Exper- 


ientia. 15: 267. 
Pe a R. A., A. J. Prummer, F. SCHNEIDER, H. Porvasxi & J. J. Dante. 1960. 


Pharmacology of [2-(octahydro-1-azociny])-ethyl]guanidine sulfate (Su 5864). J. 
Pharmacol. Exptl. Therap. 128: 22-29. 


998 Annals New York Academy of Sciences 


aonrnOmnNlUM 


Mutt, R. P., R. A. Maxwett & A. J. PLUMMER. 1957. Antihypertensive activity of 
: ARRPE SR WA 


hexahydro-1-azepinepropionamidoxime. Nature. 180: 1200-1204. 


MaxweE tt, R. A., A. J. Prumuer, A. J. Dantet, F. SCHNEIDER & H. Potvasxr. 1958. 


i i i i dro-1-azepinepro- 
Concerning the mechanisms of the cardiovascular action of hexahy 
Sionatidositié (Su 4029). J. Pharmacol. Exptl. Therap. 124: 127-134. 


. Pace, I. H. & H. P. Dustan. 1959. A new potent antihypertensive drug. J. Am. Med. © 


Assoc. 170: 1265-1271. 


. Frouticu, E. D. & E. D. Frets. 1959. Clinical trial of guanethidine, a new type of 


antihypertensive agent. Med. Ann. Dist. Columbia. 28: 419. 


. Ricwarpson, D. W. & E. M. Wyso. 1959. Effective reduction in blood pressure with- 


out ganglionic blockade. Virginia Med. Monthly. 86: 377-381. 


. Brest, A. H., D. Cristosat, G. Grantz & J. H. Moyer. 1960. Preliminary observa- 


tions on the antihypertensive properties of guanethidine. Current Therap. Research. 
rp WE walle 


APPENDIX 


TaBLe 1A 
STANDING DiAsTOLIC BLOop PRESSURES 
Guanethidine Group (mm. Hg) 


Week 
Patient 
0 2 4 6 8 10 12 
1 110 120 110 100 93 100 110 
2 124 100 100 110 100 100 102 
3 110 120 120 118 100 78 100 
4 130 110 90 100 90 100 100 
5 110 110 65 82 80 70 68 
6 110 88 98 104 90 100 85 
7 110 104 80 94 72 90 90 
8 108 100 80 84 80 98 100 
9 120 120 110 110 102 100 105* 
10 160 150 112 110 80 90 75 
11 110 110 us 94 84 90 90 
12 130 90 90 90 80 85 90 
13 120 110 95 100 100 80 110 
14 120 84 90 70 75 70 80 
V De ne S 110 80 100 110 
0 100 5 
i Hs 120 — — = 3 Re 
11 108 95 95 100 80 90 
19 114 140 130 130 110 130 140 
20 120 120 90 90 95 90 90 


Unable to tolerate over 50 mg./day. 
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TABLE 2A 
SUPINE DIASTOLIC BLOOD PRESSURES 
Guanethidine Group (mm. Hg) 
Week 
Patient 
0 2 4 6 8 10 12 
1 100 108 130 130 130 100 112 
2 120 98 96 115 92 100 100 
3 110 110 110 112 110 98 105 
4 130 120 120 110 110 106 110 
5 110 110 80 110 90 90 80 
6 110 104 110 100 98 110 115 
vf 100 108 100 102 90 100 120 
8 108 100 80 80 90 110 110 
9 120 130 118 120 130 120 120* 
10 160 116 150 160 130 122 120 
11 110 110 80 100 100 90 110 
‘ 1? 120 95 100 110 90 90 95 
13 100 120 90 100 105 90 110 
14 120 94 90 90 85 90 100 
2 15 130 140 130 160 115 115 120 
16 110 110 80 110 80 110 105 
17 140 130 = = ee ae = 
18 100 128 95 85 110 85 100 
19 114 146 150 140 130 135 160 
20 120 100 95 90 95 90 90 
: * Unable to tolerate over 50 mg./day. 
5 TABLE 3A 
STANDING SYSTOLIC BLOOD PRESSURES 
Guanethidine Group (mm. Hg) 
o- Week 
Patient 
0 2 4 6 8 10 12 
. 1 160 160 140 140 210 190 150 
y) 180 150 160 160 140 140 180 
3 160 190 180 196 150 124 160 
4 200 152 180 130 140 138 156 
fe 5 150 160 100 130 120 115 112 
-: 6 170 140 124 128 136 130 150 
+ Zi 180 160 142 164 140 180 168 
4 8 160 160 135 152 140 140 150 
ee 9 180 190 148 160 184 190 190 
i 10 200 220 180 170 90 180 120 
J 11 160 150 108 138 120 120 140 
e.- 12 200 140 125 120 145 150 136 
ie 13 160 160 135 140 175 140 170 
es 14 170 160 175 120 85 110 130 
: 15 200 200 210 180 215 255 236 
z 16 178 155 150 180 170 125 130 
¥ 17 164 160 — -— -- _ — 
7 18 190 160 140 180 180 180 170 
= 19 210 190 180 170 140 150 240 
= 175 
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TABLE 4A 
SUPINE SYSTOLIC BLOOD PRESSURES 
Guanethidine Group (mm. Hg) 
Week 
Patient ; : = 
0 2 4 6 0 
1 160 170 160 210 230 200 220 
Zz 180 180 160 190 170 170 190 
3 170 190 200 210 180 168 200 
4 190 160 200 190 180 160 190 
5 170 170 130 150 140 160 120 
6 155 170 156 150 154 158 170 
if 210 210 200 240 230 240 210 
8 150 180 150 150 165 170 205 
9 200 230 192 220 198 210 220 
10 220 240 210 180 200 210 190 
11 180 150 128 160 170 150 200 
12 190 170 170 140 185 200 180 
13 180 210 170 190 210 210 200 
14 170 160 130 160 120 120 170 
15 240 245 235 240 230 260 230 
16 186 186 180 200 170 140 160 
17 200 234 —_ — — — —_— 
18 180 175 180 175 170 165 170 
19 220 240 240 260 215 200 230 
20 190 190 200 200 180 195 195 
TABLE 5A 
STANDING DtAstoLtic BLoop PRESSURES 
Placebo Group (mm. Hg) 
Week 
Patient 

0 2 4 6 8 10 12 

1 130 140 144 150 130 140 140 
2 120 110 140 120 136 130 120 
: : ns ag 110 118 112 — —_— 
110 110 95 110 110 
5 100 100 110 100 98 98 104 
6 108 108 84 100 108 120 105 
7 110 110 120 100 105 120 115 
8 110 120 109 120 110 —_ _ 
9 140 160 160 170 160 160 — 
10 110 100 100 100 90 100 100 
| 115 108 110 110 112 110 110 
12 108 108 100 115 100 100 82 
13 116 110 95 120 —- — — 
14 120 110 130 126 100 110 110 
15 110 120 130 120 130 140 110 
16 100 115 120 110 110 110 100 
17 120 135 130 130 130 a a 
18 110 118 110 110 98 120 110 
19 100 100 110 100 100 90 95 
20 114 130 130 125 130 120 120 
21 120 100 140 100 95 100 as 


rt 
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TABLE 6A 
SUPINE DrasTOoLIc BLOOD PRESSURES 
Placebo Group (mm. Hg) 
Week 
Patient 

0 2 4 6 8 10 12 
1 150 140 150 150 140 130 140 
2 130 115 130 120 110 130 130 
3 110 130 110 112 112 — — 
4 108 110 100 100 100 110 100 
5 105 110 110 110 90 92 104 
6 110 110 98 100 102 106 100 
i 110 110 122 110 110 140 110 
8 130 130 128 108 140 — — 
9 140 160 160 160 160 160 — 
10 120 110 110 110 100 98 98 
11 110 100 110 110 100 118 110 
12 110 110 100 110 102 100 110 
13; 120 100 95 120 — —_ — 
14 100 100 106 126 105 100 100 
15 118 140 124 130 130 160 120 
16 110 110 102 110 100 105 110 
17 110 120 130 125 120 — — 
18 120 112 110 115 110 120 110 
19 100 110 110 115 110 100 90 
20 114 150 130 130 110 120 120 
DA: 120 100 140 100 95 100 —- 

TABLE 7A 
STANDING SYSTOLIC BLOOD PRESSURES 
Placebo Group (mm. Hg) 
Week 
Patient 

0 2 4 6 8 10 12 
1 190 210 190 220 180 230 210 
2 220 180 188 200 200 210 220 
3 160 170 160 172 168 _— — 
4 154 150 160 160 128 160 150 
5 150 150 170 130 144 142 180 
6 180. 170 132 160 -170 180 165 
i 170 170 170 190 160 194 180 
8 220 220 210 220 220 — —- 
9 170 180 180 200 200 220 — 
10 160 140 130 140 122 150 170 
11 150 138 160 150 152 140 130 
12 200 160 160 180 220 170 168 
13 180 180 150 160 — — — 
14 170 175 190 195 190 170 166 
15 162 170 160 150 160 170 130 
16 220 210 180 150 180 170 180 
17 220 220 210 240 210 — — 
18 190 190 188 190 200 200 230 
19 160 142 140 155 130 180 160 
20 180 160 196 210 200 210 190 
21 235 210 210 210 210 220 — 
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TABLE 8A 
SUPINE SYSTOLIC BLOOD PRESSURES 
Placebo Group (mm. Hg) 
Week 
Patient 
0 2 4 6 8 10 12 
1 220 220 210 240 208 230 240 
2 210 220 220 200 230 220 230 
3 160 174 170 162 160 — — 
4 162 160 160 150 140 160 150 
5 170 180 180 160 142 166 170 
6 144 170 160 160 160 180 180 
7 170 170 188 198 180 182 200 
8 230 210 240 230 220 = — 
9 200 182 210 200 202 220 — 
10 180 170 170 190 142 158 170 
11 140 138 160 150 152 160 150 
12 200 205 200 210 220 200 250 
13 220 210 185 180 _- — —_ 
14 170 200 190 225 170 170 170 
15 166 170 164 160 150 150 155 
16 180 170 170 160 180 160 170 
17 230 232 222 230 230 — _— 
18 190 220 190 180 200 250 200 
19 160 162 160 185 140 180 180 
20 160 180 194 210 185 190 210 
21 215 210 210 210 220 210 — 
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CLINICAL EXPERIENCES WITH BRETYLIUM TOSYLATE 


Louis A. Soloff, Marcus Reidenberg,* William L. Winters, Jr., Carmen T. Bello 
Temple University Medical Center, Philadelphia, Pa. 


Bretylium tosylate is a new compound synthesized by Boura e/ al.’ It has 
the chemical structure shown in (FIGURE 1). This substance is said to block 
selectively the peripheral sympathetic (adrenergic) nervous system without 
antagonizing the effects of injected or released epinephrine or norepinephrine. 
Such action may make it possible to study the effects of stimuli on chemically 
sympathectomized animals and on man. The acute effects of this drug given 
intravenously to man are described elsewhere in this monograph by Conway. 
The selective action of this drug suggests that it reduces high blood pressure 
without producing the undesirable parasympathetic side effects of ganglion- 
blocking drugs. Preliminary reports by Boura ef al.? Smirk and Hodge,’ and 
Soloff* indicate that this type of effect is indeed obtained. A more extensive 
report by Dollery e a/.° suggests that the drug is less frequently effective in 
patients with fresh retinal hemorrhages or papilledema. 

This report summarizes our clinical experiences in the treatment of hyper- 
tensive subjects with oral bretylium tosylate. 


Materials and Methods 


There were 37 subjects (TABLE 1), 24 males and 13 females, 37 to 71 years 

of age. Twenty-four had been under our personal observation for at least 
two years; all of these had been unresponsive or intolerant to previous anti- 
hypertensive regimens. The others were hypertensive persons who had re- 
cently come under our care. All had clinical or electrocardiographic evidence 
of left ventricular hypertrophy or had roentgenologic evidence of cardiac en- 
largement. Four had Grade I and 33 had Grade II or III retinal vascular 
changes (Keith-Wagener classification). Two had fresh retinal hemorrhages. 
One of these two had congestive heart failure with massive edema of the legs. 
All subjects were instructed to avoid eating table salt and salt-rich foods. 
- The initial oral dose of bretylium tosylate was 100 mg. every 8 hours. In 
hospitalized subjects, each dose was increased by 100 mg. daily until a sig- 
nificant orthostatic hypotensive effect was obtained or significant undesirable 
side effects had occurred. For outpatients similar increases in dosage were 
made weekly. Later, with our increasing confidence in the effects of the drug, 
the initial dose was 200 mg. every 8 hours, and the dose was increased more 
rapidly. A double blindfold method of study was not used. It was anticipated 
that the effects of this drug would be primarily orthostatic, so that each sub- 
ject’s recumbent blood pressure could serve as a control of, and reference for, 
the effectiveness of the drug’s action. 

The cardiac output, total peripheral resistance, glomerular filtration rate, 
renal blood flow, and renal vascular resistance of three recumbent subjects 


were determined before and after satisfactory orthostatic hypotensive effects 


* Post-Doctoral Fellow, National Institutes of Health, Public Health Service, Bethesda, 
Md. ~ 
1003 
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were achieved. The cardiac output and total peripheral resistance were 
measured supine and standing in two subjects after orthostatic hypotension 


had been produced by bretylium tosylate. 


Results 


The undesirable side effects are listed in TABLE 2. Only four subjects de- 
veloped side effects that required discontinuance of the drug. One (H.G.) 
complained of itching eyelids, which were red. He refused to continue taking 
the drug because he believed he was allergic to it. Several weeks later he was 
persuaded to try the drug again. - After two doses of 100 mg. each, he developed 
the same symptoms. In three of the five subjects who had had elevated blood 
urea nitrogen before treatment, higher levels developed during treatment. 


CH3 


CHa NS CH3 —30_ 
Br CH3 


Bretylium tosylate N-O-bromobenzyl-N-ethyl: N:N 
dimethylammonium P- toluene sulphonate 
Ficure 1. The structural and chemical formulae of bretylium tosylate. 
TABLE 1 


DatA ON 37 HYPERTENSIVE SUBJECTS TREATED WITH BRETYLIUM TOSYLATE 
24 Males, Age 47-71 yr.; 13 Females, Age 37-68 yr. 


24 unresponsive or intolerant to previous regimens 
Left ventricular hypertrophy, 35 subjects 
Eyegrounds: Grade I, 4 subjects; Grades II and III, 33 subjects 
Fresh retinal hemorrhages, 1 subject (L.W.) 
Fresh retinal hemorrhages and cardiac failure, 1 subject (T.H.) 
Elevated BUN, 5 subjects (M.S., S.S., F.S., T.H., L.W.) 


Treatment was discontinued. Two of these three were very sick and died 
three and six weeks later of coronary thrombosis. The third (T.H.) will be 
discussed below. The blood urea nitrogen of the last two dropped to normal 
after orthostatic control of the hypertension was achieved. Three developed 
dyspnea: one (M.J.) is one of the subjects who died of coronary thrombosis, 
one (L.W.) lost the symptom after three days of orthostatic hypotension, and 
one (M.R.) complained of fatigue and dyspnea after walking one city block. 
In the case of M.R., except for orthostatic hypotension, the physical examina- 
tion remains unchanged. This patient has not yet consented to undergo 
hemodynamic studies, which may be able to demonstrate the basis of her 
symptoms. Four patients complained of stuffy noses, four volunteered that 
bowel movements were freer, and one complained of occipital headaches and 
cold feet. All these symptoms were trivial and did not require discontinuance 
of the therapeutic regimen. 


All other symptoms were directly attributable to orthostatic hypotension. 


Soloff e¢ al.: Clinical Bretylium Tosylate 1005 


Weakness, giddiness, lightheadedness, and fatigue were significant only when 
orthostatic hypotension was excessive. Otherwise, orthostatic hypotension 
was unusually well tolerated. On rare occasions such symptoms may be of 
but momentary duration when orthostatic hypotension is otherwise asympto- 
matic. We have not been able to determine the cause of these brief effects. 
Perhaps excessive hypotension is present but too short in duration to be de- 
tected once the symptoms have disappeared. These short-lived symptoms 
cannot be controlled by manipulating the dose of bretylium tosylate without 
loss of the drug’s hypotensive effect. 

Orthostatic hypotension was achieved in all subjects but one. This one 
(T.H.) was a 58-year-old Negro who claimed that he has had high blood pres- 
sure for as long as he can remember. He had been under treatment without 
success for eight years. In November 1959 he became short of breath. He 
failed to improve on digitalis and antihypertensive regimens and was finally 
admitted into Tempel University Hospital in severe congestive heart failure. 
He was orthopneic and his legs were waterlogged. His blood pressure was 


TABLE 2 


UNDESIRABLE SIDE EFFECTs OF BRETYLIUM TosyLATE GIVEN TO 37 
HYPERTENSIVE SUBJECTS 


Itchy eyelids, 1 (H.G.); drug stopped 

Stuffiness of nose, 4 (M.J., A.H., A.H., L.M.) 

Free bowel movements, 4 (A.L., A.H., F.S., F.W.) 

Occipital paresthesia, 1 (F.W.) 

Dyspnea, 3 (M.R., L.W., M.J.) 

Elevated BUN, 3 (S.S., T.H., M.J.); drug stopped 
MI. and S.S. died of unrelated coronary thrombosis 6 and 3 weeks 
after discontinuing therapy 


202/160 mm. Hg. The eyegrounds showed fresh retinal hemorrhages as well 


~ as old exudates and arteriosclerosis. Bretylium tosylate, 1200 mg. every 8 


hours, failed to change his blood pressure. Because of his critical condition it 
was thought advisable to change the treatment to parenteral reserpine and 
hydralazine and oral chlorothiazide. He slowly improved over a period of two 
weeks. Congestive heart failure vanished and his blood pressure stabilized 
at 180/120 mm. Hg. It was the consensus of the ward physicians that im- 
provement was partly spontaneous and partly due to diuresis. After the blood 
pressure had remained constant for several days, 800 mg. bretylium tosylate 3 
times a day produced a prompt drop in the standing mean blood pressure, 
from 150 mm. Hg to 105 mm. Hg. This effect, however, lasted only five days, 
and again ascending doses, up to 3600 mg. /day, failed to influence the standing 
blood pressure. 
The effective orthostatic hypotensive dose varied from 600 to 1800 mg. daily 
and was given in three divided doses. This effective dose could not be pre- 
dicted. It bore no apparent relation to the height of the untreated blood 
pressure or to any other finding. It was not related to the severity of the 


cardiovascular disease. 
The average orthostatic hypotensive effects on our first 13 subjects, who are 
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representative of the entire group, are illustrated in FIGURE 2. These effects, 
however, were not smoothly maintained. There were frequent lapses into 
low hypertensive levels and, on rare occasions, into almost pretreatment levels. 

Supine blood pressure can be lowered if sufficient drug is given to produce 
intolerable orthostatic hypotensive levels. Otherwise the effect on recumbent 
blood pressure is insignificant and, even in the sitting position, the blood pres- 
sure effect is unimpressive. 

It is frequently stated that drugs that reduce blood pressure only in the 
standing position are of no value in the treatment of high blood pressure. It 
is possible, however, that reduction of vasoconstriction for but part of the day 
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icheitee 2. The orthostatic hypotensive effects of bretylium tosylate on 13 hypertensive 


may be of benefit to hypertensive subjects. Certainly, the lives of subjects 
with malignant phase of hypertension have been prolonged by the use of 
ganglion-blocking drugs that are orthostatic hypotensive agents. 

However, the orthostatic hypotensive state produced by bretylium tosylate 
can be converted into the pretreatment hypertensive state instantly by assump- 
tion of the recumbent position. Such rapid and wide swings in blood pressure 
are potentially dangerous for the cardiovascular system. They may be a 
factor in the increasing incidence of nonsyphilitic aortic aneurysms. For this 
reason chlorothiazide was added to the bretylium tosylate, in doses of 500 to 
1000 mg./day, in an attempt to prevent these swings and to reduce the supine 
blood pressure. _Ficure 3 indicates that this combination is partly successful. 
Blood pressures in the supine position, although still in the hypertensive level 
are distinctly lower than those present before treatment. Furthermore, the 
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dose of bretylium tosylate necessary to maintain this level could have been re- 
duced from two-thirds to one-third before chlorothiazide was added. 

This apparently potentiating effect of chlorothiazide on bretylium tosylate 
was not sustained over a four-month period. TABLE 3 illustrates this point. 
Treatment was discontinued in one patient (F.S.) because of a rising blood 
urea nitrogen. The patient died later of coronary thrombosis. The initial 
dose of bretylium tosylate necessary to produce an orthostatic hypotensive 
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Ficure 3. The orthostatic and supine hypotensive effects of a combination of bretylium 
tosylate and chlorothiazide on 13 hypertensive subjects. 


TABLE 3 


INCREASING RESISTANCE TO ORTHOSTATIC HYpoTreNsIvE EFFECT OF A COMBINATION OF 
BRETYLIUM TOSYLATE AND CHLOROTHIAZIDE 


Daily dose* Initial 4 mo. later 

C.L. 900 mg. 600 mg. 1200 mg. 

M.R. 900 mg. 300 mg. 900 mg. 
ro |-F. 600 mg. 150 mg. 800 mg. 
; F.W. 1500 mg. 900 mg. 2200 mg. 
:. AH. 600 mg. 400 mg. 900 mg. 
z FS. 900 mg. 150 mg. died 
; * The minimal daily orthostatic hypotensive dose of bretylium tosylate. 
S- 


1008 Annals New York Academy of Sciences 


effect was smaller than that required before chlorothiazide was given, but within 
four months four of the five subjects required doses larger than those needed 
before the use of chlorothiazide. Actually, one subject previously described 
(T.H.) developed significant tolerance within the amazingly short period of 
five days. A common type of development of tolerance is shown in FIGURE 4. 

The effects of bretylium tosylate on cardiorenal hemodynamics as determined 
by simultaneous cardiac catheterization and renal functional study in three 
recumbent subjects is shown in TABLE 4. The hemodynamic effects of assum- 
ing the erect position while under effective treatment with the drug is shown in 
TABLE 9. 
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Ficurre 4, The development of tolerance to bretylium tosylate in a 54-year-old man 
known hypertensive for 30 years. Grade II hypertensive runoehy No renal idence 
Note rapid response to bretylium tosylate, which is accentuated by addition of chlorothiazide. 
However, after 6 weeks, the dose of bretylium tosylate had to be increased until, after 7 more 
weeks, the original amount was ineffective in producing orthostatic hypotension. This man 
had been completely resistant to all previous hypotensive regimens. 


Discussion 


These observations indicate that bretylium tosylate is a potent antihyper- 
tensive drug that produces few side effects other than those due to the lowered 
blood pressure. This effect is accomplished by blocking the normal increase 
in sympathetic vasoconstriction when the erect position is assumed. The drug 
however, is not an ideal antihypertensive. ' 

Bretylium tosylate may also lower cardiac output slightly in the recumbent 
position. Simultaneous determinations of the cardiac output by the cardiac 
catheterization technique and of the renal clearance may yield renal values 
comparable to those obtained when renal studies alone are done, but the 
cardiac output may be higher and the total peripheral resistance es than 
when cardiac output studies alone are done® under basal conditions. However, 
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it is likely that the comparative studies are valid. The mechanism of this 
effect has not been clarified; it may be a primary myocardial effect. The 
lowering of blood pressure could compromise renal function and may be the 
reason for a rise in blood urea nitrogen in subjects with severe renal dysfunction. 
Such effects are common to all ganglion-blocking drugs that invariably pro- 
duce undesirable and at times intolerable parasympathetic effects. In this 


TABLE 4 
DATA OBTAINED BY SIMULTANEOUS CARDIAC CATHETERIZATION AND RENAL FUNCTIONAL 
StupIED BEFORE AND AFTER ADMINISTRATION OF AN EFFECTIVE ORTHOSTATIC 
HyYpotensivE Dose oF BRETYLIUM TOSYLATE 


Gardiacum otal Glom. Renal Renal 
Patient A S Date of Mean t ioh. filtr. blood vascular 
pf | fetter | BP fting | raised icc jin) | (comin) | Yer/eee) 
Normal (<1) |(95-100)| (590-635 )| (5.63-6.73) 
ye 59 F B* 12/10 171 1057 0.97 74 635 16 
Jae AWE 170 6.0 170 54 459 21 
G.T.f 60 F B 12/10 | 205 10.7t 15 84 601 20 
alee we SW 200 | 12.3f | 0.97 (hak 594 20 
S.B. 53 F B 12/3 209 8.0 1.57 78 
A 1/14 | 220 6.8 1.95 78 LY heh 23 


* B, before therapy; A, after therapy. 

+ The catheter could not be passed into G.T.’s right atrium. 

{ Venous blood sample from superior vena cava. 

§ Mean arterial pressure (mm. Hg) divided by cardiac output (cc./sec.). 


TABLE 5 
BRETYLIUM TOSYLATE THERAPY, PATIENT T.R.* 


Supine Erect 
Blood pressure (mean) 150 105% 
Cardiac output (dye dilution) 9.35, 8.6 1./min. 6.0, 6.0 1./min. 
Total peripheral resistance (mm./cc./sec.) 0.96, 1.04 1.05, 1.05 


* April 29, 1960; 800 mg. t.i.d. f oe 

Note failure of peripheral resistance to rise as the erect position 1s assumed after an ef- 
fective orthostatic dose of bretylium tosylate. This failure coupled with (probably) the 
normal decrease in cardiac output accounts for the orthostatic hypotensive effect of the drug. 


sense bretylium tosylate is superior as a blood pressure depressive agent to all 
the ganglion-blocking drugs. Its chief disadvantage compared to some of them 
is the unpredictability of the initial effective dose. This disadvantage may be 
due to its poor absorption from the gastrointestinal tract.* Another disturbing 
feature of the drug is the wide and rapid swing of blood pressure that occurs 
with change in body position. ; 

It is primarily for this reason that bretylium tosylate is not recommended 
as primary treatment for high blood pressure but only as an adjuvant when a 
low-fat low-salt diet with saluretic and sedative drugs is ineffective. This 
combination does produce a more effective hypotensive response and diminishes 


1010 Annals New York Academy of Sciences 


the wide swings in blood pressure that occur with change in body position when 
bretylium tosylate is used alone. alee 

Even this combination, however, is associated with a high incidence of 
tolerance that develops surprisingly rapidly. Perhaps other hypotensive 
agents combined with bretylium tosylate will be found more effective, and 
effective for a longer time. 


Conclusions 


Bretylium tosylate is a potent orthostatic hypotensive agent. 

Orthostatic hypotension is produced by blocking increased sympathetic 
vasoconstriction on standing. 

It produces insignificant blood pressure effects in the sitting and supine 
positions. 

It should be used only as additional therapy, when a low-fat low-salt diet 
with saluretic and sedative agents is ineffective. 

When so used its chief drawback is in its high incidence of rapidly developing 
tolerance. 

The possibility of combining bretylium tosylate with other antihypertensive 
agents to obtain more frequent long-term responses deserves investigation. 
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CLINICAL PHARMACOLOGY OF NEWER ANTIHYPERTENSIVE 
AGENTS, MONOAMINE OXIDASE AND DECARBOXYLASE 
INHIBITORS, BRETYLIUM TOSYLATE, 

AND GUANETHIDINE 


Louis Gillespie, Jr. 


Section of Experimental Therapeutics, National Heart Institute, 
Public Health Service, Bethesda, Md. 


It is the purpose of this presentation to consider the clinical actions of several 
newer agents that possess similar antihypertensive properties. The administra- 
tion of monoamine oxidase and decarboxylase inhibitors, guanethidine, or 
bretylium tosylate to hypertensive patients produces a predominantly ortho- 
static lowering of the blood pressure, which is evidence of sympathetic blockade. 
Furthermore, this sympathetic blockade is unaccompanied by those symptoms 
that are indicative of blockade of parasympathetic function: namely, blurred 
vision, dry mouth, constipation, and impotence. Thus in addition to the 
contributions such agents may make to understanding the role of the sym- 
pathetic nervous system in primary hypertension, these agents also appear to 
offer the patient with moderate to severe hypertension the opportunity to take 
a medication with potent antihypertensive properties and yet enjoy daily 
living free of distressing side effects. 

More than adequate prior discussion of the pharmacology and clinical effects 
of bretylium tosylate and guanethidine permits minimal coverage of these 
drugs here, although I propose to contrast their advantages and disadvantages 
with those of the enzyme inhibitors. 


Monoamine Oxidase Inhibitors 


Iproniazid (Marsilid), first introduced as an antituberculous drug and 
shortly found to have greater promise in reversing psychic depression, was the 
first of this still-enlarging group of compounds. It was noted early that 
postural hypotension was a frequent and undesirable side effect during ad- 
ministration of this agent to psychiatric patients. This fact, coupled with the 
alterations in metabolism of vasoactive amines resulting from inhibition of 
monoamine oxidase, intrigued my associates and me, and led to combined 
biochemical and clinical studies of a number of amine oxidase inhibiting com- 
pounds, as already discussed by Sjoerdsma elsewhere in this monograph. 

It soon became apparent that iproniazid did not consistently produce hypo- 
tension in all patients. Furthermore, at the dose level necessary to produce a 
hypotensive response (75 to 300 mg./day), side effects soon became quite dis- 
tressing to the patient, particularly neuromuscular excitability, myalgia, and 
insomnia. The appearance of hepatic toxicity was noted in addition to these 


side effects, and caused iproniazid to be removed from further consideration 


as an antihypertensive agent. However this drug did lead to the concept of 
applying a new class of pharmacological compounds to the treatment of hyper- 


tension. 
This concept was further strengthened by the advent of a potent amine oxi- 
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dase inhibitor, 1-phenyl-2-hydrazinopropane (JB-516, Catron), which when 
administered to the patient was consistently found to produce. hypotension. 
Clinical studies were extended to hospitalized as well as unhospitalized patients 
and have been reported fully elsewhere.’ Eight of 9 hospitalized patients and 
10 of 12 unhospitalized patients studied responded with a definite hypotensive 
effect during the administration of JB-516 alone or in combination with chloro- 
thiazide. fos } 

It is significant that no parasympatholytic side effects were observed during 
JB-516 therapy. The drug was administered to the 12 unhospitalized patients 
in this study for periods of from two months to more than one year, and no 
evidence of intolerance was observed. The consistent occurrence of mood 
elevation was striking and desirable, and was commonly associated with an 
increase in appetite and a tendency toward moderate weight gain. 

However, during administration of JB-516 at higher doses, ranging from 25 
to 50 mg./day, six of 12 unhospitalized patients developed a loss of red and 
green color discrimination. This visual effect was found to be readily re- 
versible upon withdrawal of the drug. Subsequently three patients, two of 
whom were receiving JB-516 (12.5 mg./day) in combination with hydralazine 
(Apresoline), and one of whom was receiving increasing doses of JB-516 (i235 
to 62.5 mg./day) in the hospital, developed altered visual fields in addition 
to the color defect. Immediate withdrawal of the drug resulted in gradual 
improvement of these visual abnormalities, with complete recovery noted in 
two patients and minimal optic atrophy resulting in the third. These, then, 
are three cases of toxic retrobulbar neuritis that has also been found to occur 
similarly in rare instances during the administration of isonicotinic acid hy- 
drazide at high doses to patients with tuberculosis.? These visual abnormalities 
at higher dose levels of JB-516, as well as two known cases of hepatic toxicity, 
one of which was fatal, have resulted in curtailment of dosage to levels of 6 to 
12 mg./day, which somewhat limits its therapeutic usefulness in hypertension. 

As Sjoerdsma has noted, all the monoamine oxidase inhibitors that have 
been studied in this laboratory have been found to produce postural lowering 
of the blood pressure, although with certain inhibitors such as nialamide 
(Niamid) high doses must be employed. Nialamide at high doses has been 
reported effective in the treatment of hypertension.* 

At present the only new monoamine oxidase inhibitor that has reached 
clinical trial in the treatment of hypertension is pr-serine-N?-isopropylhy- 
drazide (RO-4-1038). This compound is a serine analogue of iproniazid and 
has been reported by Maxwell to be effective in producing a hypotensive re- 
sponse.‘ However this compound is a hydrazide derivative, and one must 
maintain a high degree of suspicion with regard to potential hepatic toxicity. 


Decarboxylase Inhibitors 


Asa part of a continuing interest in the effects of altering the metabolism 
of vasoactive amines, the alpha methyl analogue of dihydroxyphenylalanine 
(a-Methyl Dopa, MK-350), found to be a competitive inhibitor of the enzyme 
L-aromatic amino acid decarboxylase, was administered to man subsequent to 
uneventful chronic animal toxicity studies. The biochemical alterations have 
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already been discussed by Sjoerdsma in these pages. a-Methyl Dopa was 
administered initially to hospitalized hypertensive subjects. It became ap- 
parent immediately that a-Methyl Dopa had an antihypertensive effect, and 
accordingly the hypotensive response of this agent was studied in ten hos- 
pitalized patients with primary hypertension. Lying and standing blood 
pressures were measured four times daily, and a single average figure in each 
position was calculated for each day. After a suitable control period on placebo 
medication (at least 7 days), a-Methyl Dopa was administered orally for periods 
of 7 to 28 days in single or divided daily doses, ranging from 750 mg. to 4 gm./ 
day. 

FiGuRE 1 is an example of the orthostatic blood pressure response during 
administration of a-Methyl Dopa to a hospitalized hypertensive patient. 
Attention is called to the rapid onset of orthostatic hypotension, marked by 
thé second day of administration. A total of 10 hospitalized patients with 
primary hypertension were studied in similar fashion. The effect of a-Methyl 
Dopa on the recumbent blood pressure is shown in FIGURE 2. The top of each 
bar represents systolic pressure and the bottom represents diastolic. Each 
solid bar represents that patient’s average recumbent blood pressure during 


the control week of placebo medication; the adjacent hatched bar represents 


the average pressure during the last 7 days of a-Methyl Dopa administration. 
It is apparent that the recumbent blood pressure was lowered in 5 of the 10 
patients, 4 of these 5 having a milder degree of primary hypertension. Definite 


orthostatic hypotension occurred in all 10 patients, as shown in FIGURE 3, in 
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the same fashion as described for the recumbent pressure. 

Oral absorption studies performed by J. Richard Crout of this laboratory 
demonstrate that less than 20 per cent of the dose of a-Methyl Dopa is ab- 
sorbed from the intestinal tract. Peak blood levels are encountered from 2 to 
4 hours after oral administration, returning to very low levels within 8 hours 
and to negligible levels in 12 hours. Patients receiving single daily doses 
develop a hypotensive response that diminishes in 12 hours and is gone in 24 
hours. Thus a dose schedule at 8-hour intervals has been selected for further 
clinical studies. The dose range of a-Methyl Dopa that has produced the 
desired hypotensive response has varied from 0.5 to 1.0 gm. three times daily. 

During the administration of a-Methyl Dopa to hypertensive patients, 
effects other than hypotension have been observed. Most prominently, all 
patients exhibited the transient occurrence of sedation, although this obvious 
central change disappeared within 24 to 72 hours. Continued administration 
of the drug seemed to result in more subtle changes of tranquilization in many 
of the patients. This could not be described as sedation or sleepiness, but 
rather as a more docile approach to daily activities accompanied by sound 
nocturnal sleep. 

To date 40 patients with various disorders have received a-Methyl Dopa. 
Three depressive reactions have occurred and were promptly reversed upon 
withdrawal of the drug. It is interesting to note that two of these patients 
previously experienced depressive reactions while receiving Rauwolfia. In two 
patients reversible febrile reactions to the drug occurred. One of these reac- 


tions was accompanied by transient abnormalities in liver function tests, in- 
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cluding elevations of the alkaline phosphatase, serum transaminase, and direct 
bilirubin in association with a mild increase in circulating eosinophils. These 
chemical abnormalities recurred without fever upon the subsequent readminis- 
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Ficure 2. Effect of a-Methyl Dopa on recumbent blood pressure of 10 hospitalized hyper- 
tensive patients (see text for explanation). 


tration of a-Methyl Dopa. Frequent laboratory assessment for other hema- 
tological or chemical abnormalities revealed no further unfavorable findings. 

As yet incomplete outpatient studies have demonstrated similar hypotensive 
effects in all patients. There has been no evidence of intolerance to this agent 
in 10 patients receiving a-Methyl Dopa for periods of 12 to 16 weeks, nor in 
one patient who has taken the drug for 8 months. 

Since norepinephrine is the transmitter of the sympathetic nervous system, 
it is a reasonable speculation to relate the consistent reduction of standing blood 
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pressure by a-Methyl Dopa to a reduction in peices bp see 
Although awaiting confirmation, such a relationship provides oe aly 
working hypothesis for the development of an ae Hes 
chemical basis. Certainly more extensive evaluation of a-Methy p 
related decarboxylase inhibitors seems warranted in hypertension. 


ALPHA-METHYL-DOPA INPATIENT STUDY 
240 


STANDING MMM BEFORE DRUG 
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220 
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STANDING BLOOD PRESSURE (MM. HG ) 


2 a | Ce 4 5 6 7 8 _ fe) 
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Ficure 3. Effect of a-Methyl Dopa on standing blood pressure of 10 hospitalized hyper- 
tensive patients (see text for explanation). 


Discussion and Summary 


TABLE 1 is presented to contrast the advantages and disadvantages of the 
monoamine oxidase and decarboxylase inhibitors, guanethidine, and bretylium 
tosylate in the treatment of hypertension. Mecamylamine is also included for 
purposes of comparison. Considering the antihypertensive effects of the 
various agents, it is apparent that all agents cause postural lowering of the 
blood pressure and only infrequent and minor lowering of the recumbent pres- 
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sure. A possible exception to the latter may occur upon administration of 
a-Methyl Dopa to mildly hypertensive patients, but more prolonged study of a 
larger series of patients will be necessary to confirm this initial impression. — 

In the absence of parasympatholytic side effects, the effects of sympathetic . 
blockade other than alteration of the blood pressure stand out. Of particular 
interest is the rather common report by the male patient of delayed ejaculation, 
a physiological function that is under sympathetic control. rw 

Clinical observation of the patient’s psychic status during the administration 
of these agents reveals that neither guanethidine nor bretylium tosylate ap- 
pear to have any effect on the central nervous system. On the other hand, it 
is extremely interesting to contrast the stimulation or mood elevation resulting 
from administration of amine oxidase inhibitors with the tranquilizing or de- 
pressing effects that accompany treatment with a-Methyl Dopa. It is very 
tempting to relate such psychic alterations to alterations in amine metabolism 
in the central nervous system, and many avenues of investigation of behavioral 
function are immediately suggested. However, excepting the selective desir- 
ability of a modest change in either direction in the mood of hypertensive pa- 
tients, consideration of such aspects of psychopharmacology is beyond the 
scope of this investigation. Because of the varied psychic effects of these 
enzyme inhibitors, appropriate selection of one of these agents in accordance 
with a patient’s pretreatment psychic status should perhaps be considered. 
The intriguing possibility exists of combining amine oxidase and decarboxylase 
inhibitors to modify or cancel undesirable central effects while the antihyper- 
tensive effect, presumed to be peripheral, occurs. 

With respect to the duration of action of these various agents, comment 
should be directed toward the prolonged action of most amine oxidase in- 
hibitors. A similar, although perhaps somewhat less lengthy, duration of ac- 
tion also can be attributed to guanethidine. A long duration of action of an 
antihypertensive agent is desirable during chronic therapy, since the hypo- 
tensive response may be maintained with only a single daily dose. 

To summarize, these agents cause a blockade of sympathetic nervous func- 
tion unaccompanied by blockade of the parasympathetic nervous system. This 
represents a pharmacological manipulation of the autonomic nervous system 
previously not achieved in the long-term approach to antihypertensive therapy. 
Undesirable sequelae may alter an otherwise unhindered course of one if not 
all of these agents into the antihypertensive armamentarium. However in the 
case of the amine oxidase and decarboxylase inhibitors, one must remain 
optimistic when the collateral understanding of biochemical mechanisms, as 
well as of the more pure pharmacological actions, are among the results of such 
clinical investigations. Further studies must be pursued, with particular 


reference to mechanism of drug action and to the evaluation of analogues of 
some of the agents discussed here. 
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Discussion of the Paper 


Marvin Moser (Montefiore Hospital, New York, N. Y.): We are all in- 
debted to Gillespie and his co-workers for their excellent investigative work 
with the amine oxidase and other enzyme system inhibitors that are related to 
the metabolism of vasopressor amines. In discussing his paper on the action 
and uses of some of the newer antihypertensive agents, I shall confine my 
remarks to the drugs with which my associates and I have had some experience 
during the past year and a half. p3 

We have not used guanethidine or any of the decarboxylase inhibitors. Our 
experience with bretylium in a group of moderately severe to severe hyper- 
tensive patients has been similar to that of others. Bretylium is a potent 
peripheral sympathetic blocking drug which, unlike some of the earlier agents 
in this group, such as dibenzylene, also is capable of blocking the cardiac ac- 
celerator fibers. Consequently, a compensatory tachycardia does not develop 
following blood pressure lowering. The drug is poorly absorbed, and this may 
account for its erratic blood pressure action. In some patients we have been 
able to eliminate completely ganglion-blocking agents and substitute bretylium 
with good results. In others who have ceased to respond to ganglion blockers, 
bretylium has produced a blood pressure response. The effect of the drug on 
blood pressure is mainly an orthostatic one; we do not believe that bretylium 
will produce a satisfactory therapeutic result in most patients when utilized 

~ alone. In combination with other antihypertensive agents, however, bretylium 
has been of value. Side effects are minimal. Continued evaluation would 
appear to be indicated. 

We have studied approximately 50 patients utilizing various amine oxidase 

inhibitors. We have not used JB-516 (Catron), but we have evaluated nialam- 
ide (Niamid), RO-5-0831/1 (Marplan), and pr-serine derivative of iproniazid, 
~ RO-4-1038. Our experience with nialamide in dosages up to 300 mg./day has 
_ been disappointing, and although some definite effects upon emotional ac- 
tivity have been noted, blood pressure response has been poor. In contrast, 
~ RO-5-0831/1 and RO-4-1038 have proved to be moderately potent blood 
pressure lowering drugs in the majority of patients treated. The effect is 
mainly orthostatic, but some lowering of pressure in the recumbent position 
has also been noted. 
s In a series of 30 continuously hospitalized patients with blood pressures of 
 183.3/100.8 during the 6-week control period, the use of RO-5-0831/1 in 
dosages of between 30 and 80 mg. daily in 4 divided doses (average of 40 mg.) 
produced a mean blood pressure fall in the sitting position of —34.1/— 18.2 to 
levels of 149.2/82.6 over a six-week period of time. In combination with 
 chlorothiazide (1 gm./day) the blood pressure fall in another group of patients 
was even more striking (mean fall of —43.6/—31.8 mm. of mercury). 

In an effort to determine whether the effect of reserpine would counteract or 
supplement the effect of the amine oxidase inhibitor on blood pressure, another 
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group of patients was studied utilizing the two drugs alternately and/or in 
combination in six-week periods. Results indicate that in this group of pa- 
tients reserpine (0.5 mg./day) was a poor antihypertensive agent, with an 
insignificant fall in pressure resulting over the treatment period. When — 
RO-5-0831/1 was added to reserpine, a mean blood pressure fall of —35.8/ 
—19.3 mm. of mercury occurred over a six-week period. Blood pressure 
response to the MAO inhibitor occurred between the fourth and the fourteenth 
day after addition of this drug. Blood pressure effect persisted throughout the 
period of combination drug treatment, and gradually rose following placebo 
substitution over a period of between seven and 27 days. 

In a group of patients who received reserpine, followed by the MAO in- 
hibitor plus reserpine, followed by reserpine again, a secondary blood pressure 
rise also occurred, although this appeared to occur sooner than when placebos 
were instituted after the combination had been stopped. 

It is a paradox that blood pressure lowering is achieved with the MAO in- 
hibitors, since inhibition of the enzyme systems connected with the breakdown 
of pressor amines (serotonin, norepinephrine, and epinephrine) results in an 
increase in pressor amine activity. Another explanation may have to be found 
to account for the antihypertensive activity of this group of drugs. It has 
been demonstrated that MAO inhibition can occur without observable blood 
pressure effect and vice versa. It is of great interest to observe that the com- 
bination of reserpine and MAO inhibitor therapy produced a blood pressure 
lowering. If we assume that the effect of reserpine upon blood pressure is the 
result of its ability to decrease the amount of pressor amine in the periphery, it 
would suggest this drug might counteract the effect of the MAO inhibitor. This 
has not been the case in our experience. 

Although much remains to be learned regarding the exact action of the MAO 
inhibitor drugs, they appear to be useful as antihypertensive drugs, especially 
in combination with chlorothiazide derivatives. 
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